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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 


As used herein: 


1. Life support devices or systems are devices or systems 2. A critical component is any component of a life sup- 


which, are intended for surgical implant into the body port device or system whose failure to perform can be 
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup- 
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti- 
use provided in the labeling, can be reasonably expec- veness. ; 


ted to result in a significant injury to the user. 
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INTRODUCTION 


GAL IN PLD SCENARIO 


With complete logic source philosopy, S@S-THOMSON 
is today committed to serving the market with high 
volume families and introducing Programmable 
Logic Devices (PLDs), which show one of the 
fastest growth rates in the semiconductor market. 
PLDs in the ASIC scenario: 

PLDs represent today one of the largest families 
in the ASIC market. 


ASIC 


The devices in the ASIC category offer advantages 
over other alternatives, in that they perform a func- 
tion defined by the user that is optimized for a 
specific application. The ASIC category further di- 
vides into other categories of functionally specific 
devices as showned in the above figure. 


The standard cell approach uses pre-configured, 
pre-tested and pre-characterized logic blocks to 
construct a custom silicon chip for the designer. 
The chip is usually designed by hand, using a 
graphics terminal. The outcome is a fairly efficient 
logic design that may take weeks or months to com- 
plete, while incurring a hefty up-front engineering 
charge, or non-recurring expense (NRE). 


In addition, the custom piece of silicon will take ad- 
ditional weeks, if not months, to manufacture. The 
development time and complexity of a standard 
cell design severely impacts the ability to incor- 
porate changes or corrections to the design. In ad- 
dition, the customer is typically obligated for some 
minimum production lot size to cover the manufac- 
turer’s expenses. Since most logic design is sub- 
ject to revision during the debug phase, the time 
and dollar penalities of the standard cell approach 
make this a relatively high risk. 


INTRODUCTION 


The gate array approach has gained extensive mar- 
ket recognition as a more optimal ‘‘bridge”’ 
between the standard cell (full custom) and 
programmable alternatives. The gate array is a pre- 
manufactured silicon matrix that awaits only a cus- 
tom interconnected pattern to establish function- 
ality. The designer can choose from NAND gates, 
flip-flops, and various types of buffers to construct 
the logic. 

The flexibility of a gate array is less than that of 
a standard cell device, since the user must inter- 
connect existing structures. However, since the 
device usually has many pins -68 or more it offers 
greater logic functionality than a typical PLD. This 
increased functionality, however, comes at the 
penalty of lower speed performance. 


Since the gate array relies on only one or two cus- 
tom mask layers, the wafer fabrication can be done 
much more quickly than with a standard cell. The 
turn time from design completion to final chip for 
a gate array is, at best, 4 to 8 weeks. Although not 
as costly up front as a standard cell, there is still 
an up front development cost, a minimum lot size, 
and a long and costly cycle for logic changes. 
These features make this, too, a risky approach. 


Advantages of PLDs 


The previous alternatives are ideal choices for high 
volume applications where, once debugged, the de- 
sign is not subject to change. The average cus- 
tomer, however, uses hundreds to thousands of 
devices of a given logic pattern, each year. He can- 
not afford the NRE of a gate array or standard cell, 
since the volume is not high enough to amortize 
this expense. Figure 1 shows the cost and develop- 
ment time relationships of the various design al- 
ternatives. 


Figure 1. Costs vs. Development Time 
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INTRODUCTION 


The PLD offers a solution to these woes. The low 
unit cost, simple, but powerful and affordable 
development tools, flexibility, high performance, 
and proven reliability of these devices results in a 
more cost-efficient, higher-performance, lower-risk, 
and more timely design cycle. 


Programmable logic is ideal for simplifying the 
design process, because the designer can imple- 
ment the exact logic function whenever and where- 
ver required. Programmable logic offers more 
efficient utilization, as well as reduced chip count, 
by simplifying the lay-out process at both concep- 
tual and implementation stage. 


Consequently PLDs contributes to increase sub- 
stantially system reliability. It has been statistical- 
ly demonstrated that systems with higher levels of 
integration such those as designed with program- 
mable logic, have much higher reliability than 
equivalent systems designed with many low den- 
sity standard components. 


GAL 


SGS-THOMSON has decided to enter the PLD 
market by producing the GAL (Generic Array Logic) 
family of devices. GAL’s are ideal devices among 
PLD’s for several reasons: 


— GAL devices are fabricated using very high 
speed Electrically Erasable CMOS technology 
which offers the highest degree of testability and 
quality of any process technology. In fact AC, 
DC and functionality can be 100% tested and 
that guarantees 100% programming and func- 
tional yield to the customer with no further board 
rework. With bipolar technologies, complete 
testing is not possible and manufacturers must 
rely on complex schemes using test rows and 
columns to simulate and correlate devices per- 
formances, since the fuse array cannot be test- 
ed prior to programming. 


Consequently due to incomplete test, failures 
at the customer location are possible with no 
recovery possibility since misprogrammed parts 
must be discarded. Besides, instant erasability 


makes GALs ideal for prototyping and for un- 
forecasted design changes. 


— GAL devices speeds are as fast as any other 
bipolar programmable logic devices except 
ECL, but they have the low power consumption 
of CMOS. 


— GAL devices utilize the OUTPUT LOGIC MAC- 
ROCELL (OLMC) which allows the user to con- 
figure outputs as needed and to replace several 
other programmable logic devices and low den- 
sity gate arrays. 


The main advantage of GAL devices comes from 
their intrinsic ‘‘genericity’’ that allows the user to 
define the architecture and functionality of each 
output and also has advantages at the shop floor 
level: users can put in inventory one generic GAL 
type instead of many different PAL device types; 
this will not only save money, but also minimize the 
paper work, reduce manufacturing flow because 
the handling process is simplified, reduce the risk 
of running out of inventory. For example, the GAL 
16V8 can replace 21 different bipolar PALs. 


GAL Development Tools 

GAL devices have been developed to support the 
philosophy that users should not be required to pur- 
chase special development tools. GALs are in fact 
supported by existing programmable logic develop- 
ment tools and device programmers. 


SGS-THOMSON doesn’t offer any special software 
development package, this shouldn’t represent a 
limitation because user is not required to purchase 
and maintain a dedicated software for each 
programmable devices being used. 


Software packages such as ABEL from DATA I/O 
and CUPL from PC ad offer generic development 
support for all programmable logic devices and 
SGS-THOMSON can supply all the necessary sup- 
port to work with these software tools. GALs are 
in the same way supported by many “devices 
programmers” that ensure the highest quality. 
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INTRODUCTION 


DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA BOOK 


DC Symbols and definitions 


VOLTAGES - All voltages are referred to ground. Negative voltage limits are specified as absolute values 
(i. e. —10V is greater than —1.0V). 


Supply Voltage The range of power supply voltage over which the device is 
guaranteed to operate within specified limits 


Voc 
VIH Input HIGH Voltage The range of input voltages that represents a logic HIGH in the system. 
(min) 
VIL 
) 
in) 


Vin Input LOW Voltage The range of input voltages that represents a logic LOW in the system 


Vin (min Minimum Input HIGH Voltage | The minimum allowed input HIGH in a logic system. This value 
represents the guaranteed input HIGH threshold. 

Vit (max) | Maximum Input LOW Voltage | The maximum allowed input LOW in a system. This value represents 
the guaranteed input LOW threshold for the device. 

Von (min) | Output HIGH Voltage The minimum voltage at an output terminal for the specified output 
current Ioy and the minimum value of Vcc. 


Voi (max) | Output LOW Voltage The maximum voltage at an output terminal sinking the maximum 
specified LOW current Io_. 


CURRENTS - Positive current is defined as conventional current flow into a device. Negative current 
is defined as conventional current flow out of a device. All current limits are specified as absolute values. 


The current flowing into the Voc supply terminal of a circuit with the 
specified inputs conditions and the outputs open. When not specified, 
input conditions are chosen to guarantee worst case operation. 


Ip Input Leakage Current The current flowing into an input when the maximum allowed voltage 
is applied to the input. This parameter guarantees the minimum break- 
down voltage for the input. 
ly Input HIGH Current The current flowing into an input when a specified HIGH level voltage 
is applied to that input. 
lie Input LOW Current The current flowing out of an input when a specified LOW voltage is 
applied to the input. 
loL 
los 


Output HIGH Current The current flowing out of an output which is in the HIGH state. 
lon Output LOW Current The current flowing into an output which is in the LOW state. 


Output Short Circuit Current | The current flowing out of an output which is in the HIGH state when 
that output is short circuit to ground. 
IBZH; Bidirectional pin Leakage The current flowing into a disabled 3-state output with a specified HIGH 
lFZH Current HIGH output voltage applied. 
IBZL Bidirectional pin Leakage The current flowing out of a disabled 3-state output with a specified LOW 
lEZL Current LOW output voltage applied. 


SGS-THOMSON 
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INTRODUCTION 


AC SWITCHING PARAMETERS 
fMaAx Maximum Clock Frequency The maximum input frequency at a clock input for predictable perfor- 
mance. Above this frequency the device may cease to function. 


Tpvavis Propagation Delay Time The time between the specified reference points on the input and out- 
TCHaV put waveforms with the output changing from the defined LOW level 


to the defined HIGH level. 
Tpvavi: 
TcHav 


Tpvaz: Output Disable Time from The delay time between the specified reference points on the input and 
TGHaz HIGH Level of a 3-State output voltage waveforms with the 3-state output changing from the 


The time between the specified reference points on the input and out- 
put waveforms with the output changing from the defined HIGH level 
to the defined LOW level. 


Propagation Delay Time 


Output HIGH level to a high impedance ‘‘off’’ state. 
Tpvaz: Output Disable Time from The delay time between the specified reference points on the input and 
TGHaz LOW Level of a 3-State output voltage waveforms with the 3-state output changing from the 
Output LOW level to a high impedance “‘off’’ state. 


The delay time between the specified reference points on the input and 
output voltage waveforms with the 3-state output changing from a high 
impedance ‘‘off’’ state to the HIGH level. 


Output Enable Time to a 
HIGH Level of a 3-State 
Output 


The delay time between the specified reference points on the input and 
output voltage waveforms with the 3-state output changing from a high 
impedance ‘“‘off’’ state to the LOW level. 


Output Enable Time to a 


Tpvave2: 
TGLav 
Tpvave: 
TGLav LOW Level of a 3-State 
Output 


7 
7 


Pulse Width 


Note: 1 — Refer also to switching test conditions 
2 — 3 State levels are measured 0.5V from steady-state active level. 


The interval immediately following the active transition of the timing 
pulse (usually the clock pulse) or following the transition of the control 
input to its latching level, during which interval the data to be 
recognized must be maintained at the input to ensure its continued 
recognition. A negative setup time indicates that the correct logic level 
may be released prior to the active transition of the timing pulse and 
still be recognized. 


The interval immediately preceding the active transition of the timing 
pulse (usually the clock pulse) or preceding the transition of the control 
input to its latching level, during which interval the data to be recog- 
nized must be maintained at the input to ensure its recognition. A nega- 
tive setup time indicates that the correct logic level may be initiated 
sometimes after the active transition of the timing pulse and still be 
recognized. 


The time between the specified reference points on the leading and 
trailing edges of a pulse. 
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DATASHEETS 


ys ar eta ntti GAL16V8 


E2CMOS PROGRAMMABLE LOGIC DEVICE 


PRELIMINARY DATA 


mw ELECTRICALLY ERASABLE CELL TECHNOLOGY 
— Reconfigurable Logic 
— Reprogrammable Cells 
— Guaranteed 100% Yields 


m HIGH PERFORMANCE E2CMOS TECHNOLOGY 
— Low Power : 90/70mA Max Active/Standby 
(Half Power) 
45/35mA Max Active/Standby 
(Quarter Power) 


— High Speed: 15 to 25ns Access Max 
(Half Power) 


20 to 35ns Access Max 


Plastic Package Ceramic Package 


(Quarter Power) 


Cc 
uw EIGHT OUTPUT LOGIC MACROCELLS Plastic Chip Carrier 
— Maximum Flexibility for Complex Logic Designs 
— Also Emulates 20-pin PAL* Devices with Full Func- 
tion/Fuse Map/Parametric Compatibility PIN CONNECTIONS (top view) 


= PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% Functional Testability 


a HIGH SPEED PROGRAMMING ALGORITHM 
= SECURITY CELL PREVENTS COPYING LOGIC 
mw DATA RETENTION EXCEEDS 20 YEARS 


DESCRIPTION 

The GAL*16V8 E2CMOS device combines a high 
performance CMOS process with electrically eras- 
able floating gate technology. This programmable 
memory technology applied to array logic provides 
designers with reconfigurable logic and bipolar per- 
formance at significantly reduced power levels. 
The 20-pin GAL16V8 features 8 programmable 
Output Logic Macrocells (OLMCs) allowing each 
output to be configured by the user. Additionally, 
the GAL16V8 is capable of emulating, in a func- 
tional/fuse map/parametric compatible device, all nouns 
20 pin PAL device architectures (excluding XOR 
devices). 

Programming is accomplished using readily avai- 
lable hardware and software tools. 
SGS-THOMSON guarantees 100 erase/write cy- 
cles and data retention exceeds 20 years. 
Unique test circuitry and reprogrammable cells 
allows complete AC,DC cell and functionality test- 
ing during manufacture. Therefore, SGS-THOM- 
SON guarantees 100% field programmability and 
functionality of the GAL devices. In addition, elec- 
tronic signature is available to provide positive de- 
vice ID. A security circuit is built-in, providing 
proprietary designs with copy protection. 
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PIN NAMES 


lo-115 | INPUT 
CLOCK INPUT 


GND GROUND 


BLOCK DIAGRAM 


12 
Le] 13 
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GAL16V8 EMULATING PAL DEVICES 


lo/CLK 
I 


E?CMOS 
64 x 32 PROGRAMMABLE 
AND ARRAY 
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14L4 |16L2 |16R8 
14H4 |16H2 |16RP8 |16RP6 | 16RP4 
14P4 |16P2 
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ABSOLUTE MAXIMUM RATINGS 


Input Voltage Applied —2.5 to Voc + 1.0 
Off-State Output Voltage Applied —2.5 to Voc + 1.0 


Stresses above those listed under the ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
These are stress only ratings and functional operation of the device at these or at any other conditions above those indicated 
in the operational sections of this specification is not implied (while programming, follow the programming specification). 


OPERATING RANGE 


Temperature Range 
Symbol Parameter Commercial 
[Min. | Typ. | Max. | atin. | Typ. | Max. 


af 
ta [Ambient Tempered 
te [ease Tenperawre SSC | 


+5V 
SWITCHING TEST CONDITIONS 
R 
FROM OUTPUT {Bx, Fx) 
UNDER TEST TEST POINT 
3902 c.° 


3-state levels are measured 0.5V from steady-state (°) CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
active level. 


CAPACITANCE (Ta = 25°C, f=1.0MHz, Voc =5V) 


Test Conditions 


* Guaranteed but not 100% tested 
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LOGIC DIAGRAM 
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ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS 
- ADVANCE DATA - Quarter Power GAL16V8 


Symbo Test Conditions 


Input Leakage Current GND <VinsVecc MAX oe 
IBZH Bidirectional GND<Vin=Vcec MAX 
IBZL Input Leakage Current 
lEZL Output Pin GND sVin<Vcc MAX 
lFZH Leakage Current 


Ioc Operating Power f = 15MHz COM’L fee toed | mA 
ik ial io Se | 


los(°) | Output Short Voc =5.0V Voyt =GND — 30 — 130 mA 
Circuit Current 
Supply Current Mit 
You | Output Low Voltage lol =24mA come | — | o5 | vi. 
= MIN 
Output High Voltage | Ion= ~.2mA com | 24 | — | ov | 
VI 


Vcc =Vcc MIN 
Input Low Voltage 


HALF POWER GAL16V8 


symbol Test Conditions 


Input Leakage Current GND <Vin=Vcc MAX Pf 
IBZH Bidirectional Pin GND <Vin<=Vcc MAX +10 pA 
IBZL Leakage Current 
lFZL Output Pin GND <Vjin=Vcoc MAX +10 pA 
IFZH Leakage Current 
loc Operating Power f = 15MHz 
Supply Current Voc =Vcc MAX 
los(°) Output Short Voc =5.0V Voyt =GND —30 — 130 mA 
Circuit Current 
Isg | Standby Power Wace Vide MAX COM'L 
Supply Current 


(°) One output at a time for a maximum duration of one second. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS (Continued) 


Symbol 


Output Low Voltage 
Ouput High Volegefiow=-S2mA____| Come | 2a 
vin [input Hoh Vonage | | 


< 
¢ : sl 
= — 


SWITCHING CHARACTERISTICS OVER OPERATING CONDITIONS 
ADVANCE DATA - Quarter Power GAL16V8 


TEMPERATURE RANGE 
0°C to 70°C —55to 125°C 
Parameter = S5to 125°C 
16V8-20 16V8-25 16V8-35 16V8-30 


Delay from Input to 
active output (°° °) 


Symbol 


Tpvavi 


Active High R=00 
Active Low R=200 


From Voy Rao 5 
From Vo. R=200 


From Voy R= 


From Vo, R=200 
TgLav | OE Output Enable 


Active High R = 0 
Access Time Active Low R=200 
ToHav | Clock High to Output 15 15 25 20 200 50 
Valid Access Time 
TpvcH | Input or Feedback Data 15 20 30 25 
Minimum Setup Time 
TCHDxX | Input or Feedback Data 
Minimum Hold Time 


Minimum Clock Period 30 35 55 45 

(TpvcH+ TcHav) 

Minimum Clock 12 15 20 15 

Width HIGH 

Minimum Clock 12 15 20 15 

Width LOW 

nae [linen [amon [ws] — [asl = [wil lel b |g 
ewer Tasivon | no | - | ao[ — [ws] — [mal — | 


(°) Refer also to switching test conditions. (°°) 3-state levels are measured 0.5V from steady-state active level. 
(°°°) XOR (n)=1 (active high) 


Tpvave2 | Product Term Enable 
Access Time to 
Active Output 


Tpvaz(°°)| Product Term Enable 
to Outputs Off 

TGHoz(°°)| OE Output Enable 
High to Output Off 
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Active High R=0 


Active Low R=200 


= — —_ _ —_ — 
Nn qn an o1 on 


SWITCHING CHARACTERISTICS OVER OPERATING CONDITIONS 
HALF POWER GAL16V8 
TEMPERATURE RANGE 
| oetommG | oetommG 70°C -55 to 125°C 
Symbol Parameter 
16V8-15 | 16V8-20 | 16V8-25 | 16V8-20 | 16V8-30 
Tpvavi_ | Delay from Input to 20 30 
active output (°° °) 
Tpvave2 | Product Term Enable 30 
Access Time to 
Active Output 
Tpvaz(°°) | Product Term Enable 20 30 From Voy R=0 5 
to Outputs Off From Vo, R=200 
TeHaz(°°) | OE Output Enable 18 20 25 From Voy R= 5 
High to Output Off From Vo, R=200 
TeLav | OE Output Enable 18 18 25 Active High R= | 50 
Access Time Active Low R=200 
TcHav | Clock High to Output 15 15 15 20 200 50 
Valid Access Time 
TpvcH _ | Inputor Feedback Data 12 19 20 15 25 
Minimum Setup Time 
TcHp x _ | InputorFeedback Data 
Minimum Hold Time 
Minimum Clock Period 
TpvcH+TcHav) 
Minimum Clock 
Width HIGH 
Minimum Clock 
Width LOW 
SYNCH. 41.6 33.3 28.5 33.3 22.2 
ages e a 
ssmon [188] — [s0| — [wo] — Jeo] — |asa] — 


(°) Refer also to switching test conditions. (°°) 3-state levels are measured 0.5V from steady-state active level. 
(°°°) XOR (n)=1 (active high) 
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SWITCHING WAVEFORMS 


INPUTS \ / \ / 
-ciosnes XX) 


tovcH tcHox 


REGISTERED 
OUTPUTS 
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tcHcr tcLcH 
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tovavi 


tovaz tovav2 
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OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
Output Logic Macrocell. It should be noted that act- 
ual implementation is accomplished by develop- 
ment software/hardware and is completely transpa- 
rent to the user. 

The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to active 
high or active low, with either combinational (asyn- 
chronous) or registered (synchronous) configura- 
tions. Acommon output enable can be connected 
to all outputs, or separate inputs or product terms 
can be used to provide individual output enable 
control. The Output Logic Macrocell provides the 
designer with maximal output flexibility in matching 
signal requirements, thus providing more functions 
than possible with existing 20-pin PAL devices. 


The various configurations of the Output Logic Mac- 
rocell are controlled by programming certain cells 
(SYN, ACO, AC1(n) and the XOR(n) polarity bits) 
within the 82-bit Architecture Control Word. The 
SYN bit determines whether or not a device will 
have registered output capability or will have pu- 
rely combinational outputs. It also replaces the ACO 
bit in the two outermost macrocells, OLMC(12) and 
OLMC(19). When first setting up the device archi- 
tecture, this is the first bit to choose. 

Architecture Control bit ACO and the eight AC1(n) 
bits direct the outputs to be wired always on, al- 
ways Off (as an input), have a common OE term 


(pin 11), or to be three-state controlled separately 
from a product term. The Architecture Control bits 
also determine the source of the array feedback 
term through the FMUX, and select either combinat- 
ional or registered outputs. 

The eight macrocell configurations are shown in 
each of the macrocell equivalent diagrams, (see 
fig. 1 to 8 and table 1 and 2). Three of these con- 
figurations are not supported by any software de- 
velopment tools. In fact, they are redundant cases 
included in other configurations. In particular: 


- Disabled Output (see fig. 2): the OLMC is comple- 
tely disabled (nor output neither input function). 


- Dedicated input mode (see fig. 7): it is a restrict- 
ive case of the other Dedicated input mode con- 
figuration shown in fig. 6. 


- Dedicated combinational output (see fig. 8): it is 
a restrictive case of the other Dedicated com- 
binational output shown in fig. 5. 


Therefore, if it is strictly necessary to use the pre- 
vious mentioned configurations, a manual bit-by- 
bit programming using the software package utili- 
ties must be implemented. 

In all cases, the eight XOR(n) bits individually de- 
termine each output’s polarity. The truth table as- 
sociated with each diagram shows the bit values 
of the SYN, ACO, and AC1(n) that set the macro- 
cell to the configuration shown. 
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GAL16V8 Output Logic Macrocell: Pin 12 and 19 


ACO AC((n) ACOACI(n) 


110 (n) 
KC —e 


A221 


XOR(n) 


FROM 
PINT/ 11 


S$ -10066/2 


GAL16V8 Output Logic Macrocell: Pin 13 to 18 


ACO ACi(n) ACO ACI(n) 


XOR(n) 


FEEDBACK < | 


| FROM 
ADJACENT STAGE 
| OUTPUT(m) 


ACO | AC1(m) 
AC1(n) 


5-10065/2 
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TABLE 1 - ARCHITECTURE OLMC (Pin 12 and 19) 


aci(n)| PT MUX | TSMUX | OMUX F MUX 


Comb. OUT 
Don’t Care 
Regis. OUT 


8 PT 
Don’t Care 
8 PT 
7 PT 
8 PT 
Don’t Care 
Don’t Care 
7 PT 


Active OUT 
3-State OUT 
Common OE 
Single OE (PT) |Comb. OUT 
Active OUT |Comb. OUT 
3-State OUT | Don’t Care 
3-State OUT | Don’t Care 
Single OE (PT) | Comb. OUT 


No Feedback 
Input Mode 
Direct Registered Feedback 
Direct Comb. Feedback or Input 
Pin 1(19) / 11(12) 

Pin 1(19) / 11(12) 
Pin 1(19) / 11(12) 
Pin 1(19) / 11(12) 


Pins 1 and 11 
Become Data Inputs 


XOR (n) Output Polarity 


0 ACTIVE LOW 
1 ACTIVE HIGH 


TABLE 2 - ARCHITECTURE OLMC (Pin 13 to 18) 


AC1(n) |ACt(m)| P T MUX | TS MUX O mux F MUX 


8 PT Active OUT |Comb. OUT] No Feedback 
8 PT Active OUT |Comb. OUT} Adjacent Macrocell 
Don’t Care| 3-State OUT | Don’t Care | No Feedback 
Don’t Care} 3-State OUT | Don’t Care | Adjacent Macrocell 
8 PT Common OE | Regis Direct Registered Feedback 
8 PT Common OE j; Regis Direct Registered Feedback 
7 PT Single OE (PT) | Comb. Direct Comb. Feedback or Input 
7 PT Single OE (PT) | Comb. Direct Comb. Feedback or Input 
8 PT Active OUT |Comb. No Feedback 
8 PT Active OUT |Comb. Adjacent Macrocell 


=— |= | s&s 4s 4 4 OOocod0aodqoono 


-|? ees Oocoo0onrcdxrarHHre =] 0 00 0 
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-o-'oOoO-}-o0-oO0+0-o-o0=+( 0 


Don’t Care 
Don’t Care 
Don’t Care 
Don’t Care 
7 PT 
7 PT 


XOR (n) OUTPUT POLARITY 


ACTIVE LOW 
ACTIVE HIGH 


3-State OUT 
3-State OUT 
3-State OUT 
3-State OUT 
Single OE (PT) 
Single OE (PT) 


Don’t Care 
Don’t Care 
Don’t Care 
Don’t Care 
Comb. OUT 
Comb. OUT 
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Fig. 1 - Combinational Output 


AC1(n) FUNCTION 


COMBINATIONAL 
OUTPUT 
CK (.e. 16L8, 16H8) 


NC PINS 1 AND 11 ARE DATA INPUTS. 


ACTIVE LOW 
ACTIVE HIGH 


= IN THIS ARCHITECTURE MODE, 
| 
| 
| 
| 
| 
| 


XOR(n) 


FEEDBACK 


ADJACENT STAGE 
OUTPUT(m) 


Fig. 2 - Disabled Output 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 11 ARE DATA INPUTS. 
THE OLMC IS COMPLETELY 
DISABLED IN ALL ITS FUNCTIONS. 


NOTE: THIS CONFIGURATION IS NOT 
COVERED BY ANY SOFTWARE. 


ADJACENT STAGE 
OUTPUT(m) 
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Fig. 3 - Combinational Output in a Registered Device 


CK 
(TO REGISTERED MACROCELLS) (TO REGISTEREO MACROCELLS) 


OUTPUT LOGIC MACROCELLi(n) 


FROM 
ADJACENT STAGE 
OUTPUT(m) 


Fig. 4 - Registered Active High or Low Output 


OUTPUT LOGIC MACROCELL(n) 


FEEDBACK 


FROM 
ADJACENT STAGE 
OUTPUT(m) 
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SYN AC1(n) FUNCTION 


COMBINATIONAL 
OUTPUT INA 
REGISTERED 

DEVICE 


IN THIS ARCHITECTURE MODE, 

PIN 1=CK, PIN 11=OE, THIS MACROCELL 
{S COMBINATIONAL, BUT AT LEAST ONE 
OF THE OTHERS IS REGISTERED OUTPUT. 


FUNCTION 


OUTPUT 
REGISTERED 
(i.e. 16R8) 


IN THIS ARCHITECTURE MODE, 
PIN 1=CK, PIN 11=O6E. 


OUTPUT POLARITY 


ACTIVE LOW 
ACTIVE HIGH 
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Fig. 5 - Dedicated Combinational Output 


AC1(m) FEEDBACK 
NO FEEDBACK 
cK FROM ADJACENT CELL 


a: Taw [nee [acne] meron 
| 
| 
| 
| 
| 


1 COMBINATIONAL 
OUTPUT 
(i.e. 10L8, 12H6) 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 11 ARE DATA INPUTS. 


; RS COMBINATIONAL OUTPUT IS 
vom 
cen ALWAYS ACTIVE. 
ANO 
ARRAY 
XOR(n) OUTPUT POLARITY 
| XOR{(n) 


| 
| 
| 
| 
| 
| 


ACTIVE LOW 
ACTIVE HIGH 
FEEDBACK 
| I 


{ FROM 
NC ADJACENT STAGE 
OUTPUT(m) 


Fig. 6 - Dedicated Input Mode 


AC1i(m) FEEDBACK 
0 - NO FEEDBACK 
1 FROM ADJACENT CELL 


SYN AC1(n) FUNCTION 


INPUT MODE 
(i.e. 12L6, 14P4) 


cK 


{ OUTPUT LOGIC MACROCELLin) 


| 
a+ 2 
—J 


NC 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 11 ARE DATA INPUTS. 
THE OUTPUT BUFFER IS DISABLED. 


Tes 


~---t----4- 


FEEDBACK 


FROM 
ADJACENT STAGE 
OUTPUT(m) 
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Fig. 7 - Dedicated Input Mode 


AC1(m) FEEDBACK 


NO FEEDBACK 
FROM ADJACENT CELL 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 11 ARE NOT DATA INPUTS. 
THE OUTPUT BUFFER IS DISABLED. 
PINS 12 AND 19 ARE DATA INPUTS. 
"0" NOTE: THIS CONFIGURATION IS NOT 
SUPPORTED BY ANY LOGICAL 
COMPILER. IT IS COVERED BY THE 
CONFIGURATION OF FIG. 6 


FEEOBACK 


FROM 
ADJACENT STAGE 
OUTPUT(m) 


FUNCTION 


COMBINATIONAL IN THIS ARCHITECTURE MODE 
PINS 1 AND 11 ARE NOT INPUTS. 
OUTPUT IS ALWAYS ACTIVE. 


NOTE: THIS CONFIGURATION IS 
NOT SUPPORTED BY ANY 


—$k5 LOGICAL COMPILER. IT IS COVERED 
voi 
FROM BY THE CONFIGURATION OF FIG. 5 
annay 
| XOR(n) 
| 


| 

| 

| 

| 

FEEDBACK bh Pe 3 
a aie =a 


FROM 
ADJACENT STAGE 
OUTPUT(m) 


[om [nee [asi 
[ COMBINATIONAL 
l Ss OUTPUT 
| 
| 
| 
| 


| acim FEEDBACK XOR(n) OUTPUT POLARITY 
0 


NO FEEDBACK ACTIVE LOW 
FROM ADJACENT CELL 1 ACTIVE HIGH 
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ROW ADDRESS MAP DESCRIPTION 


Figure 9 shows a block diagram of the row address 
map. There are a total of 36 unique row addres- 
ses available to the user when programming the 
GAL16V8 devices. Row addresses 0-31 each con- 
tain 64 bits of input term data. This is the user ar- 
ray where the custom logic pattern is programmed. 
Row 32 is the Electronic Signature Word. It has 64 
bits available for any user defined purpose. Row 
33-59 are reserved by the manufacturer and are 
not available to users. 

Row 60 contains the architecture and output pola- 
rity information. The 82 bits within this word are 
programmed to configure the device for a specific 
application. Row 61 contains a one bit security cell 
that when programmed prevents further program- 
ming verification of the array. Row 63 is the row 
that is addressed to perform a bulk erase of the 
device, resetting it back to a virgin state. Each of 
these functions is described in the following 
sections. 


Figure 9. GAL16V8 Row Address Map Block Diagram 


Ln a 
OO aa ESTE Spout 


PT 63 <«—__—_———_ PT 32 PT 31 <—_—_—_—_—__—- PT 0 


0 
R 
re) 
w 
A ARRAY ARRAY 
fs) 
D 
R 
E 
Ss 
Ss 31 
s 


33 
RESERVED ADORESS SPACE 
59 


ARCHITECTURE CONTROL WORD 


61 | SECURITY CELL 
RESERVED 


60 82 BITS 


62 


63 «| BULK ERASE 


Figure 10. GAL16V8 Architecture Control Word Diagram 
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ELECTRONIC SIGNATURE WORD DESCRIPTION 


An Electronic Signature Word is provided with every 
GAL16V8 device. It resides at row address 32 and 
contains 64 bits of reprogrammable memory that 
can contain user-defined data. Some uses inclu- 
de user ID codes, revision numbers, or inventory 
control. This signature data is always available to 
the user independent of the state of the security 
Cell. 


ARCHITECTURE CONTROL WORD 


All of the various configurations of the GAL16V8 
devices are controlled by programming cells within 
the 82 bit Architecture Control Word that resides 
at row 60. The location of specific bits within the 
Architecture Control Word is shown in the control 
word diagram in Figure 10. The function of the 
SYN, ACO and AC1(n) bits have been explained 
in the OUTPUT LOGIC MACROCELL description. 
The eight polarity bits determine each output’s pol- 
arity individually by selectively correct logic. The 
numbers below the XOR(n) and AC1(n) bits in the 
architecture control word diagram shows the out- 
put device pin number that the polarity bits control. 


SECURITY CELL 


Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL16V8 de- 
vices as a deterrent to unauthorized copying of the 
array configuration patterns. Once programmed, 


- the circuitry enabling array access is disabled, pre- 


venting further programming or verification of the 
array (rows 0-31). The cell can be erased only in 
conjunction with the array during a bulk erase 
cycle, so the original configuration can never be 
examined once this cell is programmed. 
Signature data is always available to the user. 


BULK ERASE MODE 


By addressing row 63 during a programming cycle, 
a clear function performs a bulk erase of the array 
and the Architecture Control Word. In addition, 
the Electronic Signature Word and the Security 
Cell are erased. This mode resets a previously 
configured device back to its virgin state. 


82 BITS 


32 BITS 
PROOUCT TERM 


apts | 1 BIT eta 1BIT | «BITS 
XOR(n) | SYN | paca eae | ACO | XORIn) 


DISABLES 


32 BITS 
PRODUCT TERM 
DISABLES 
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OUTPUT REGISTER PRELOAD 


When testing state machine designs, all possible 
states and state transitions must be verified in the 
design, not just those required in the normal mach- 
ine operations. This is because in system oper- 
ation, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper treat- 
ment of these conditions, a way must be provided 
to break the feedback paths, and force any desired 
(i.e. illegal) state into a registers. Then the ma- 
chine can be sequenced and the outputs tested for 
the correct next state conditions. 

The GAL16V8 device includes circuitry that allows 
each registered output to be synchronously set ei- 
ther high or low. Thus, any present state condition 
can be forced for test sequencing. Figure 11 shows 
the pin functions necessary to preload the register. 
The register preload timing and pin voltage levels 
necessary to perform the function are shown be- 
low (see fig. 12). This test mode is entered by rais- 
ing PRLD to Vjes, which enables the serial data 
in (Spin) buffer and the serial data out (SpouT) 
buffer. Data is then serially shifted into the registers 
on each rising edge of the clock, DLCK. Only the 
macrocells with registered output configurations 
are loaded. If only 3 outputs have registers, then 
only 3 bits need be shifted in. The registers are loa- 
ded from the bottom up as shown in figure 11. 


Figure 12. Register Preload Waveforms 


Vin 


to 


VALID DATA 


to 
Pe OCC00000 GT Ci 
to 


tpwv 


Figure 11. Output Register Preload Pinout 


LATCH-UP PROTECTION 


GAL devices are designed with on board charge 
pump to negatively bias the substrate. The nega- 
tive bias is of sufficient magnitude to prevent in- 
put undershoots from causing the circuitry to latch. 
Additionally, outputs are designed with n-channel 
pullups instead of the traditional p-channel pullups 
to eliminate any possibility of SCR induced latching. 


KKK? 


ifs) 


VALID DATA 


* NOTE - The Spoyrt output buffer is an open drain output during preload. This pin should be terminated to Vcc 
with a 10K resistor. 
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Figure 13. Power-up Reset 
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LATCH-UP PROTECTION (Continued) 


Circuitry within the GAL16V8 provides a reset sig- 
nal to all registers during power-up (see fig. 13). 
All internal registers will have their Q outputs set 
low after a specified time (taeset). AS a result, the 
state on the registered output pins (if they are enab- 
led through OE) will always be high on power-up, 
regardless of the programmed polarity of the out- 
put pins. This features can greatly simplify state 
machine design by providing a known state on 
power-up. 

The timing diagram for power-up is shown above. 
Because of asynchronous nature of system power- 
up, some conditions must be met to guarantee a 
valid power-up reset of the GAL16V8. First, the 
Vcc rise must be monotonic. Second, the clock in- 
put must become a proper TTL level within the 
specified time (tpr). The registers will reset within 
a maximum of tres_et time. As in normal system 
operation, avoid clocking the device until all input 
and feedback path setup times have been met. 


FIELD SUPPORT TOOLS 


Although it is possible to program GAL devices 
manually, SGS-THOMSON strongly recommends 
the use of approved programming hardware and 
software. Programming on unapproved equipment 
will generally void all guarantees. 


ISA SGS-THOMSON 
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VALID CLOCK SIGNAL 


INTERNAL REGISTER 
RESET TO LOGIC 0 


EXTERNAL REGISTER 
OUTPUT = LOGIC 1 


PROGRAMMER/DEVELOPMENT SYSTEMS 


VENDOR SYSTEM REVISION 


DATA I/O Model 29B V04 
Adapter 303A-011A V06 
Unisite V1.7 
Mode! 60A 
Adapter 360-001A V12 


30A28 


STAG Model ZL30A 


Programmable Logic Lab 
Logic Tech. 


QPR-1000 + 2.0 


(©) — In conjunction with IBM PC (or compatible) using 
FastMap Plus* V2.1 software. 


V2.1 (0) 


SOFTWARE DEVELOPMENT TOOLS{ 


PACKAGE VENDOR REVISION 
Personal Cad Systems V2.15 


ABEL* Data I/O 
Data I/O V1.0 (t) 


DASH-ABEL Data I/O 
PALASM* _ | Monolithic Memories Inc. 
LC9000* Programmable Logic Tec. 


PLAQ* Qwerty Inc. V1.0 


(t) When emulating PAL devices any revision of the software can 
be used to create the PAL JEDEC file. Some programming hard- 
ware will automatically configure the GAL architecture. 
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GAL16V8 SPECIFICATION (Typical values) 


NORMALIZED TDVOQV (Typ) VS SUPPLY VOLTAGE NORMALIZED TOVOQV (Tpp) VS TEMPERATURE NORMALIZED lecumax) VS. TEMPERATURE 
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GAL16V8 SPECIFICATION (Continued) 


DELTA TCHQV (Tco) VS OUTPUT LOADING DELTA TDVQV (Tpp) VS OUTPUT LOADING 
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GAL16V8 SPECIFICATION (Continued) 


ORDERING INFORMATION 


The SGS-THOMSON GAL devices are available in a va- 
riety of packages and two temperature ranges. 
General ordering code is reported below. 


GALI6V8 W P C T 


L TEMPERATURE 1 0°C to 70°C 
2 -55°C to 125°C 
PACKAGE B Plastic DIL 
F Ceramic Frit-seal (°) 
C Plastic Chip-Carrier (Quad) (°) 
D Ceramic Metal-seal (°) 
Z Ceramic Chip Carrier 
Leadless (°) 


Q Quarter Power 
H Half Power 


- 15 ns 
- 20 ns 
- 25 ns 
- 30 ns 
- 35 ns 


EXAMPLE: Order Code for a GAL16V8, 20 ns speed and 
half power in plastic DIL is: GAL16V8-20HB1 


(°) Please contact SGS-THOMSON Sales Office 


- Burn-in (168h, 125°C) also available for these products 
(add suffix ‘'X’’). 

- Military temperature range is available in ceramic pac- 
kages only. 


SPEED/POWER CROSS-REFERENCE GUIDE 
GAL BIPOLAR 
DEVICE PAL DEVICE 
15ns - 15Q 
- 15H 
use - 15H 


(#) 20ns - 20Q — 
(#) 20ns - 20H — 
() 20ns use - 20H B MIL 


- 25Q 
- 25H B-2 
use - 25H A 


(#) 30ns - 300 
(@) 30ns - 30H B-2 MIL 
(#) 30ns use - 30H A MIL 


- 35Q 
use - 35Q 
use - 35Q 


use - 30Q 
use - 30H 
use - 30H 


(@) 40ns 


(@) 40ns 
(@) 40ns 


(@) MILITARY TEMPERATURE RANGE 


OMSON 
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E2CMOS PROGRAMMABLE LOGIC DEVICE 


m ELECTRICALLY ERASABLE CELL TECHNOLOGY 
— Reconfigurable Logic 
— Reprogrammable Cells 
— Guaranteed 100% Yields 


= HIGH PERFORMANCE E2CMOS TECHNOLOGY 

— Low Power : 90/70mA Max Active/Standby 
(Half Power) 
45/35mA Max Active/Standby 
(Quarter Power) 

— High Speed: 15 to 25ns Access Max 
(Half Power) 
20 to 35ns Access Max 
(Quarter Power) 


w EIGHT OUTPUT LOGIC MACROCELLS 
— Maximum Flexibility for Complex Logic Designs 
— Also Emulates 24-pin PAL* Devices with Full Func- 
tion/Fuse Map/Parametric Compatibility 


m PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% Functional Testability 


= HIGH SPEED PROGRAMMING ALGORITHM 
w SECURITY CELL PREVENTS COPYING LOGIC 
mw DATA RETENTION EXCEEDS 20 YEARS 


DESCRIPTION 

The GAL20V8 E2CMOS device combines a high 
performance CMOS process with electrically eras- 
able floating gate technology. This programmable 
memory technology applied to array logic provides 
designers with reconfigurable logic and bipolar per- 
formance at significantly reduced power levels. 
The 24-pin GAL20V8 features 8 programmable 
Output Logic Macrocells (OLMCs) allowing each 
output to be configured by the user. Additionally, 
the GAL20V8 is capable of emulating, in a func- 
tional/fuse map/parametric compatible device, all 
24 pin PAL device architectures (excluding XOR 
devices). 

Programming is accomplished using readily avai- 
lable hardware and software tools. 
SGS-THOMSON guarantees 100 erase/write cy- 
cles and data retention exceeds 20 years. Unique 
test circuitry and reprogrammable cells allows com- 
plete AC,DC cell and functionality testing during 
manufacture. Therefore, SGS-THOMSON guaran- 
tees 100% field programmability and functionality 
of the GAL devices. In addition, electronic signa- 
ture is available to provide positive device ID. A se- 
curity circuit is built-in, providing proprietary 
designs with copy protection. 


October 1988 


Plastic Package Ceramic Package 


ms 


Cc 
Plastic Chip Carrier 


PIN CONNECTIONS (top view) 
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Contact factory for JEDEC Pin Configuration availability on PLCC Package 
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PIN NAMES GAL20V8 EMULATING PAL DEVICES 


INPUT 
Pee fexreur ee 


lo/CK _]; 24 
1 i 


18L4 |20L2 |20R8 
18H4 |20H2 |20RP8 |20RP6 | 20RP4 
18P4 |20P2 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


[Symbct—[CPavameter | Valen 
Input Voltage Applied —2.5 to Vec + 1.0 
Off-State Output Voltage Applied —2.5 to Voc + 1.0 
Storage Temperature — 65 to 125 


Stresses above those listed under the ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
These are stress only ratings and functional operation of the device at these or at any other conditions above those indicated 
in the operational sections of this specification is not implied (while programming, follow the programming specification). 


OPERATING RANGE 


Temperature Range 
Symbol Parameter Military 
| Min. | Typ. | Max. | Min. | Typ. | Max. 


Ambient Temperature 


SWITCHING TEST CONDITIONS 


Input Pulse Levels GND to 3.0V FROM OUTPUT (Bx. Fx) ee 
Input Rise and Fall Times 3ns 10%-90% UNDER TEST 
Input Timing Reference Levels 3902) C.* 


Output Timing Reference Levels 


3-state levels are measured 0.5V from steady-state (°) CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 


active level. 


CAPACITANCE (Ta =25°C, f=1.0MHz, Vcc =5V) 


* Guaranteed but not 100% tested 
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LOGIC DIAGRAM 
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ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS 


GAL20V8 
PRELIMINARY - Quarter Power GAL20V8 
Range 


IBZH Bidirectional GND<Vin<=Vcc MAX +10 pA 
IBZL Input Leakage Current 

lez Output Pin GND <Vin<=Vcc MAX +10 pA 
IFZH Leakage Current 

loc 


Operating Power f = 15MHz 
Voc = Vcc MAX 


Supply Current 


Standby Power 
Supply Current 


Output Low Voltage 
Vec=Vcc MIN 


Output High Voltage 
Voc =Vcc MIN 


Input High Voltage 
Input Low Voltage 


(°) One output at a time for a maximum duration of one second. 


Half Power GAL20V8 


Symbol Test Conditions 


Input Leakage Current GNDSVjn=Vcc MAX 
IBZH Bidirectional Pin GND<VinsVcoc MAX 
IBZL Leakage Current 
lEZL Output Pin GND <Vins Vcc MAX 
IFZH Leakage Current 
Icc 


Operating Power f= 15MHz 
Supply Current Voc =Vcc MAX 


(°) Output Short Vcc =5.0V Voyt = GND 
Circuit Current 
Standby Power Voc = Vcc MAX 
Supply Current 


(°) One output at a time for a maximum duration of one second. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS (Continued) 
PRELIMINARY - Quarter Power GAL20V8 


Voc =Vec MIN 
eae lol = 12mA 


Output High Voltage 
Voc =Vcc MIN 


Input High Voltage 
Input Low Voltage 


SWITCHING CHARACTERISTICS OVER OPERATING CONDITIONS 
PRELIMINARY - Quarter Power GAL20V8 


Symbol Parameter ma 
Mas. | in| Won 
Delay from Input to elke | 
active output (°° °) 
Active High R = 0 


Tpvav2_ | Product Term Enable 20 25 35 30 
Access Time to Active Low R=200 
Active Output 


Test Conditions(°) 


CL 
(pF 


Tpvaz(°°) | Product Term Enable 30 From Voy R= 5 
to Outputs Off From Vo, R=200 
TGHaz(°°) | OE Output Enable 25 25 From Voy R= 
High to Output Off From Vo, R=200 


—_ ipo ipo) 
co fom] fea } 


TaLov | OE Output Enable 18 20 25 25 Active High R= oo 
Access Time Active Low R=200 

TcoHav _ | Clock High to Output 15 15 25 
Valid Access Time 

TpvcH _ | Input or Feedback Data 15 20 30 25 
Minimum Setup Time 
Minimum Clock 


30 55 45 
12 20 15 
12 20 15 
Width LOW 
fax | Maximum |synct | gas | — | 26 | - | rar | - | 2} -~ || og |g 
remem’ Lasvncr | soo | — | soo | — | es | - | as} - | 
) 


(°) Refer also to switching test conditions. 
(°°) 3-state levels are measured 0.5V from steady-state active level. 
(°°°) XOR (n)=1 (active high) 
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Minimum Clock Period 
(TpvcHtTcHav) 
Minimum Clock 

Width HIGH 
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SWITCHING CHARACTERISTICS OVER OPERATING CONDITIONS 


Half Power GAL20V8 
oe ae 


Tpvavi_ | Delay from Input to 
active output (°°°) 
Tpvave2_ | Product Term Enable Active High R= 0 
Access Time to Active Low R=200 
Active Output 
i) 


From Vo, R=200 


Test Conditions(°) 


From Voy R=0 
From Vo, R=200 


Active High R=0 
Active Low R=200 


Minimum Clock Period 
(TovcHt TcHav) 


Minimum Clock 
SYNCH j416| — [933] — [235] - [333] — [222] - | 200 50 
asyNcH. | 686 — | 500] — 400] — }s00] — |333| — 


Width HIGH 

Minimum Clock 
Width LOW 

(°) Refer also to switching test conditions. 

(°°) 3-state levels are measured 0.5V from steady-state active level. 

(°°°) XOR (n)=1 (active high) 


Maximum 
Frequency 
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SWITCHING WAVEFORMS 
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OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
Output Logic Macrocell. It should be noted that ac- 
tual implementation is accomplished by develop- 
ment software/hardware and is completely 
transparent to the user. 


The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to acti- 
ve high or active low, with either combinational 
(asynchronous) or registered (Synchronous) confi- 
gurations. A common output enable can be con- 
nected to all outputs, or separate inputs or product 
terms can be used to provide individual output ena- 
ble controls. The Output Logic Macrocell provides 
the designer with maximal output flexibility in mat- 
ching signal requirementes, thus providing more 
functions than possible with existing 24-pin PAL 
devices. 


The various configurations of the Output Logic Ma- 
crocell are controlled by programming certain cells 
(SYN, ACO, AC1(n) and the XOR(n) polarity bits) 


within the 82-bit Architecture Control Word. The 
SYN bit determines whether a device will have re- 
gistered output capability or purely combinational 
outputs. It also replaces the ACO bit in the two ou- 
termost macrocells, OLMC(15) and OLMC(22). 
When first setting up the device architecture, this 
is the first bit to choose. 


Architecture Control bit ACO and the eight AC1(n) 
bits direct the outputs to be wired always on, al- 
ways off (as an input), have a common OE term 
(pin 13), or to be three-state controlled separately 
from a product term. The Architecture Control bits 
also determine the source of the array feedback 
term through the FMUX, and select either combi- 
national or registered outputs. 


The eight macrocell configurations are shown in 
each of the macrocell equivalent diagrams, (see 
also table 1 and 2). In all cases, the eight XOR(n) 
bits individually determine each output’s polarity. 
The truth table associated with each diagrams 
shows the bit values of the SYN, ACO, and AC1(n) 
that set the macrocell to the configuration shown. 
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GAL20V8 Output Logic Macrocell: Pin 15 and 22 


ACO ACi(n) 


XOR(n) 


$-10066/2 


GAL20V8 Output Logic Macrocell: Pin 16 to 21 


ACO AC1(n) 


XOR(n) 


FEEDBACK < | 


ACO | AC1(m) 
ACi(n) 


S$ -10065/2 


7, $&S;THOMSON 


ACOACI(n) 


1/0(n) 


2) 


FROM 
PINT/ 11 


ACO AC1(n) 


| FROM 
ADJACENT STAGE 
OUTPUT(m) 
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TABLE 1 - ARCHITECTURE OLMC (Pin 15 and 22) 


ACi(n)| PT MUX | TS MUX O MUX F MUX 


8 PT Active OUT |Comb. OUT} No Feedback 
Don’t Care} 3-State OUT | Don’t Care | Input Mode 
8 PT Common OE |Regis. OUT | Direct Registered Feedback 


7 PT Single OE (PT) |Comb. OUT} Direct Comb. Feedback or Input 
8 PT Active OUT {Comb. OUT} Pin 1(22) / 13(15) 

Don’t Care| 3-State OUT | Don’t Care | Pin 1(22) / 13(15) Pins 1 and 13 

Don’t Care} 3-State OUT | Don’t Care | Pin 1(22) / 13(15) Become Data Inputs 
7 PT Single OE (PT) |Comb. OUT} Pin 1(22) / 13(15) 


XOR (n) Output Polarity 


0 ACTIVE LOW 
1 ACTIVE HIGH 


TABLE 2 - ARCHITECTURE OLMC (Pin 16 to 21) 


ACi(n) |Ac1(m)| P T mux | TS MUX O MUX F MUX 


0 0 8 PT Active OUT |Comb. OUT! No Feedback 

0 0 ; ' 8 PT Active OUT |Comb. OUT | Adjacent Macrocell 

0 0 1 0 Don’t Care| 3-State OUT | Don’t Care | No Feedback 

0 0 1 1 Don’t Care| 3-State OUT | Don’t Care | Adjacent Macrocell 

0 1 0 0 Common OE |Regis. OUT | Direct Registered Feedback 

0 1 0 1 Common OE |Regis. OUT | Direct Registered Feedback 

0 1 1 0 Single OE (PT) |}Comb. OUT | Direct Comb. Feedback or Input 
0 1 1 1 Single OE (PT) |Comb. OUT | Direct Comb. Feedback or Input 
1 0 0 0 Active OUT |Comb. OUT] No Feedback 

1 0 0 1 Active OUT |Comb. OUT] Adjacent Macrocell 

1 0 1 0 Don’t Care| 3-State OUT | Don’t Care | No Feedback 

1 0 1 1 Don’t Care| 3-State OUT | Don’t Care | Adjacent Macrocell 

1 1 0 0 Don’t Care| 3-State OUT | Don’t Care | No Feedback 

1 1 0 1 Don’t Care| 3-State OUT | Don’t Care | No Feedback 

1 1 1 0 7 PT Single OE (PT) }Comb. OUT | Direct Comb. Feedback or Input 
1 1 1 1 


7 PT Single OE (PT) |Comb. OUT] Direct Comb. Feedback or Input 


OUTPUT POLARITY 


0 ACTIVE LOW 
1 ACTIVE HIGH 
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Fig. 1 - Combinational Output 


Se 


COMBINATIONAL 
OUTPUT 
cx (i.e. 20L8, 20H8) 


@ t IN THIS ARCHITECTURE MODE, 
| 
| 
| 
| 
| 
| 


NC PINS 1 AND 13 ARE DATA INPUTS. 


| xoR(n) | OUTPUT POLARITY 


ACTIVE LOW 
ACTIVE HIGH 


vou 


FROM 
AND 
ARRAY 


| XOR(n) 
| 
FEEDBACK Fo ee ETE 


| FROM 
NC ADJACENT STAGE 
OUTPUT(m) 


Fig. 2 - Disabled Output 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 13 ARE DATA INPUTS. 
THE OLMC IS COMPLETELY 
DISABLED IN ALL ITS FUNCTIONS. 


NOTE: THIS CONFIGURATION IS NOT 
COVERED BY ANY SOFTWARE. 


ADJACENT STAGE 
OUTPUT(m) 
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Fig. 3 - Combinational Output in a Registered Device 


COMBINATIONAL 
a ee OUTPUT IN A 
(TO REGISTERED MACROCELLS) (TO REGISTERED MACROCELLS) REGISTERED 
OUTPUT LOGIC MACROCELL(n) DEVICE 


IN THIS ARCHITECTURE MODE, 

PIN 1=CK, PIN 13=0E, THIS MACROCELL 
IS COMBINATIONAL, BUT AT LEAST ONE 
OF THE OTHERS !S REGISTERED OUTPUT. 


| XOR(n) OUTPUT POLARITY 


ACTIVE Low 
ae ACTIVE HIGH 


FROM 
ADJACENT STAGE 
OUTPUT(m) 


Fig. 4 - Registered Active High or Low Output 


AC1(n) FUNCTION 


OUTPUT 
REGISTERED 
(i.e. 20R8) 


IN THIS ARCHITECTURE MODE, 
PIN 1=CK, PIN 13=O06E. 


OUTPUT POLARITY 


ACTIVE LOW 
ACTIVE HIGH 


OUTPUT LOGIC MACROCELL(n) 


vom) 


FEEOBACK 


FROM 
ADJACENT STAGE 
OUTPUT(m) 
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Fig. 5 - Dedicated Combinational Output 


NO FEEDBACK 
cK FROM ADJACENT CELL 
ar: Tew [a [noi] roncnon 
| 
| 
| 
| 


COMBINATIONAL 
OUTPUT 
(i.e. 16H6) 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 13 ARE DATA INPUTS. 


COMBINATIONAL OUTPUT IS 
= | "0" ALWAYS ACTIVE. 
ANDO 
ARRAY 
| xoR(ny | OUTPUT POLARITY 
| XOR(n) 
ACTIVE LOW 
ACTIVE HIGH 


FEEDBACK 
| | 


| FROM 
NC! ADJACENT STAGE 
OUTPUT(m) 


Tac [rae 
ee NO FEEDBACK 
FROM ADJACENT CELL 


[aw [ mee [acim] meron 


INPUT MODE 
(i.e. 20L2, 18P4) 


IN THIS ARCHITECTURE MODE, 
PINS 1 AND 13 ARE DATA INPUTS. 
THE OUTPUT BUFFER IS DISABLED. 


FEEDBACK 


FROW 
ADJACENT STAGE 
OUTPUT(m) 
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Fig. 7 - Dedicated Input Mode 


FEEDBACK 
NO FEEDBACK 
FROM ADJACENT CELL 


AC1(n) FUNCTION 
INPUT MODE 


IN THIS ARCHITECTURE MODE, 

PINS 1 AND 13 ARE NOT DATA INPUTS. 
THE OUTPUT BUFFER IS DISABLED. 
PINS 15 AND 22 ARE DATA INPUTS. 


NOTE: THIS CONFIGURATION IS NOT 
SUPPORTED BY ANY LOGICAL 
COMPILER. IT IS COVERED BY THE 
CONFIGURATION OF FIG. 6 


FEEDBACK 


FROM 
ADJACENT STAGE 
OUTPUT(m) 


Fig. 8 - Dedicated Combinational Output 


or syn | aco | AC1(n) FUNCTION 


COMBINATIONAL 
Nc OUTPUT 


| 

| COMBINATIONAL IN THIS ARCHITECTURE MODE 
| PINS 1 AND 13 ARE NOT INPUTS. 

| OUTPUT IS ALWAYS ACTIVE. 


NOTE: THIS CONFIGURATION IS 
NOT SUPPORTED BY ANY 


55 von LOGICAL COMPILER. IT IS COVERED 
aie BY THE CONFIGURATION OF FIG. 5 
AND 
ARRAY | 
| KOR(n) | 
| | 
| 


FEEDBACK HH 
! aaa 


| FROM 
NC! ADJACENT STAGE 


J OUTPUT(m) 


OE 


| acim —_| FEEDBACK OUTPUT POLARITY 


0 NO FEEDBACK ACTIVE LOW 
1 FROM ADJACENT CELL ACTIVE HIGH 
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ROW ADDRESS MAP DESCRIPTION 


Figure 9 shows a block diagram of the row address 
map. There are a total of 44 unique row addres- 
ses available to the user when programming the 
GAL20V8 devices. Row addresses 0-39 each con- 
tain 64 bits of input term data. This is the user ar- 
ray where the custom logic pattern is programmed. 
Row 40 is the Electronic Signature Word. It has 64 
bits available for any user defined purpose. Row 
41-59 are reserved by the manufacturer and are 
not available to users. 


Row 60 contains the architecture and output pola- 
rity information. The 82 bits within this word are pro- 
grammed to configure the device for a specific 
application. Row 61 contains a one bit security cell 
that when programmed prevents further program- 
ming verification of the array. Row 63 is the row 
that is addressed to perform a bulk erase of the 
device, resetting it back to a virgin state. Each of 
these functions is described in the following 
sections. 


Figure 9. GAL20V8 Row Address Map Block Diagram 


Scix 
Son > SHIFT REGISTER Spout 


PT71 <g——_—____________ PT40 


PT39 q@—______________ PT8 
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zo 


aAmnanmpood KY 


ELECTRONIC SIGNATURE ELECTRONIC SIGNATURE 


a1 
RESERVED ADORESS SPACE 
59 


ARCHITECTURE CONTROL WORD 


61] -] SECURITY CELL 
62 | RESERVED 


62 BITS 


63 g BULK ERASE 


Figure 10. GAL20V8 Architecture Control Word Diagram 


PT71 


32 BITS 
PROOUCT TERM 
DISABLES 


PT40 


15161718 15 
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ELECTRONIC SIGNATURE WORD 


An Electronic Signature Word is provided with eve- 
ry GAL20V8 device. It resides at row address 40 
and contains 64 bits of reprogrammable memory 
that can contain user-defined data. Some uses in- 
clude user ID codes, revision numbers, or inven- 
tory control. This signature data is always available 
to the user indipendent of the state of the security 
Cell. 


ARCHITECTURE CONTROL WORD 


All of the various configurations of the GAL20V8 
devices are controlled by programming cells within 
the 82-bit Architecture Control Word that resides 
at row 60. The location of specific bits within the 
Architecture Control Word is shown in the control 
word diagram in Figure 10. The function of the 
SYN, ACO and AC1(n) bits have been explained 
in the OUTPUT LOGIC MACROCELL description. 
The eight polarity bits determine each output’s po- 
larity individually. The numbers below the XOR(n) 
and AC1(n) bits in shows the output device pin 
number that the polarity bits control. 


SECURITY CELL 


Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL20V8 de- 
vices as a deterrent to unauthorized copying of the 
array configuration patterns. Once programmed, 
the circuitry enabling array access is disabled, pre- 
venting further programming or verification of the 
array (rows 0-39). The cell can be erased only in 
conjunction with the array during a bulk erase cy- 
cle, so the original configuration can never be exa- 
mined once this cell is programmed. Signature data 
is always available to the user. 


BULK ERASE MODE 


By addressing row 63 during a programming cy- 
cle, a clear function performs a bulk erase of the 
array and the Architecture Control Word. In addi- 
tion, the Electronic Signature Word and the Secu- 
rity Cell are erased. This mode resets a previously 
configured device back to its vergin state. 


82 BITS 


aBits | 1eIT ial 1BIT| 4BITS 
xoRin) | SYN | socuitectuRE | ACO | XORIn) 


32 BITS 
PRODUCT TERM 
DISABLES 


22 19202122 
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OUTPUT REGISTER PRELOAD 


When testing state machine designs, all possible 
states and state transitions must be verified in the 
design, not just those required in the normal ma- 
chine operations. This is because in system ope- 
ration, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper treat- 
ment of these conditions, a way must be provided 
to break the feedback paths, and force any desi- 
dered (ie. illegal) state into a registers. Then the 
machine can be sequenced and the outputs tested 
for the correct next state conditions. 


The GAL20V8 device includes circuitry that allows 
each registered output to be synchronously set ei- 
ther high or low. Thus, any present state condition 
can be forced for test sequencing. Figure 11 shows 
the pin functions necessary to preload the register. 
The register preload timing and pin voltage levels 
necessary to perform the function are shown be- 
low (see fig. 12). This test mode is entered by rai- 
sing PRLD to Vjges, which enables the serial data 
in (Spin) buffer and the serial data out (Spout) 
buffer. Data is then serially shifted into the registers 
on each rising edge of the clock, DLCK. Only the 


Figure 12. Register Preload Waveforms 


to tpwv 


VALID DATA 


macrocells with registered output configurations 
are loaded. If only 3 outputs have registers, then 
only 3 bits need be shifted in. The registers are loa- 
ded from the bottom up as shown in figure 11. 


Figure 11. Output Register Preload Pinout 


to 


VALID DATA 


* NOTE - The Spout output buffer is an open drain output during preload. This pin should be terminated to Vcc 
with a 10KQ resistor. 
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Figure 13. Power-up Reset 
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LATCH-UP PROTECTION 


GAL devices are designed with on board charge 
pump to negatively bias the substrate. The nega- 
tive bias is of sufficient magnitude to prevent in- 
put undershoots from causing the circuitry to latch. 
Additionally, outputs are designed with n-channel 
pullups instead of the traditional p-channel pullups 
to eliminate any possibility of SCR induced latching. 


Circuitry within the GAL20V8 provides a reset si- 
gnal to all registers during power-up (see fig. 13). 
All internal registers will have their Q outputs set 
low after a specified time (taesET). As a result, the 
state on the registered output pins (if they are ena- 
ble through OE) will always be high on power-up, 
regardless of the programmed polarity of the out- 
put pins. This features can greatly simplify state 
machine design by providing a known state on 
power-up. 

The timing diagram for power-up is shown above. 
Because of asynchronous nature of system power- 
up, some conditions must be met to guarantee a 
valid power-up reset of the GAL20V8. First, the 
Voc rise must be monotonic. Second, the clock in- 
put mus become a proper TTL level within the spe- 
cified time (tpr). The registers will reset within a 
maximum of treseT time. As in normal system 
operation, avoid clocking the device until all input 
and feedback path setup times have been met. 


FIELD SUPPORT TOOLS 


Although it is possible to program GAL devices ma- 
nually, S@S-THOMSON strongly recommends the 
use of approved programming hardware and soft- 
ware. programming on unapproved equipment will 
generally void all guarantees. 
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VALID CLOCK SIGNAL 


INTERNAL REGISTER 
RESET TO LOGIC 0 


EXTERNAL REGISTER 
OUTPUT = LOGIC 1 


PROGRAMMER/DEVELOPMENT SYSTEMS 


VENDOR SYSTEM REVISION 


DATA I/O Model 29B V04 
Adapter 303A-011A V06 
Unisite V1.7 
Model 60A 
Adapter 360-001A V12 


STAG Model ZL30A 30A28 
Programmable Logic Lab V2.1 (0) 
Logic Tech. 


QPR-1000 + 


(¢) In conjunction with IBM PC (or compatible) using 
FastMap Plus* V2.1 software. 


SOFTWARE DEVELOPMENT TOOLSt+ 


(t) When emulating PAL devices any revision of the software can 
be used to create the PAL JEDEC file. Some programming hard- 
ware will automatically configure the GAL architecture. 
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GAL20V8 SPECIFICATION 


NORMALIZED TDVQV (Tp,.) VS SUPPLY VOLTAGE NORMALIZED TOVQV (Tp) VS TEMPERATURE NORMALIZED Iccywax, VS TEMPERATURE 
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Zz 09 = ro) 
x = z 
° ° 
z z 
08a 7 
07 
40 45 50 55 60 
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18/20 e 
es IST ce a 


GAL20V8 


GAL20V8 SPECIFICATION (Continued) 


DELTA TCHOV (Teo) VS. OUTPUT LOADING DELTA TDVQV (Tp,) VS OUTPUT LOADING 
20 20 lon VS V 
15 15 
- rr 100 
r & 
> > a 60 
Qs Ss Gg 
ZZ 10 Be 10 = 
reg - © 60 
« < 
8 a - we 
5 5 Be 
20 . 
el 
0 10 20 30 40 
1+] C0] 
0 200 400 600 800 1000 0 200 400 600 800 1000 Vow (V) 
OUTPUT LOAD CAPACITANCE (pF) OUTPUT LOAD CAPACITANCE (pF) 


PACKAGE INFORMATION 
24-LEAD PLASTIC DIP 24-LEAD CERAMIC DIP 


139 to 165 


27.5 
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GAL20V8 SPECIFICATION (Continued) 


ORDERING INFORMATION 


The SGS-THOMSON GAL devices are available in a va- 
riety of packages and two temperature ranges. 
General ordering code is reported below. 


GAL20V8 W P C T 


L TEMPERATURE 1 0°C to 70°C 
2 -55°C to 125°C 
PACKAGE B Plastic DIL 
F Ceramic Frit-seal (°) 
C Plastic Chip-Carrier (Quad) (°) 
D Ceramic Metal-seal (°) 
Z Ceramic Chip Carrier 
Leadless (°) 


Q Quarter Power 
H Half Power 


- 15 ns 
- 20 ns 
- 25 nS 
- 30 ns 
- 35 ns 


EXAMPLE: Order Code for a GAL20V8, 20 ns speed and 
half power in plastic DIL is: GAL20V8-20HB1 


(°) Please contact SGS-THOMSON Sales Office 


- Burn-in (168h, 125°C) also available for these products 
(add suffix ‘'X’’). 

- Military temperature range is available in ceramic pac- 
kages only. 


SPEED/POWER CROSS-REFERENCE GUIDE 
GAL BIPOLAR 
DEVICE PAL DEVICE 
- 15Q 
- 15H 
use - 15H 


- 20Q — 
- 20H — 
use - 20H 


() 30ns 
() 30ns 
(@) 30ns 


use - 30H 


use - 35Q 
use - 35Q 


use - 30Q 
() 40ns use - 30H 
(@) 40ns use - 30H 


(#) MILITARY TEMPERATURE RANGE 


() 40ns 


A-2 MIL 
STD MIL 


20200 SGS-THOMSON 
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IN-SYSTEM RE-PROGRAMMABLE GENERIC ARRAY LOGIC* 


PRODUCT PREVIEW 


IN-SYSTEM RECONFIGURABLE—5-VOLT 
ONLY PROGRAMMING 

— Change Logic “On the Fly’”’ (in less than 1 s) 
— Nonvolatile E2 Technology 

DIAGNOSTICS MODE FOR CONTROLLABILITY 
AND OBSERVABILITY OF SYSTEM LOGIC 
HIGH PERFORMANCE E2CMOS 


TECHNOLOGY 
— High Speed: 25ns Max Propagation Delay ; D 
— Low Power: 90mA Max Active Plastic Package Ceramic Package 


a EIGHT OUTPUT LOGIC MACROCELLS 
— Maximum Flexibility for Complex Logic Designs 
— Also Emulates 20-pin PAL Devices with Full mg 
Function/Fuse Map/Parametric Compatibility 
PRELOAD AND POWER-ON RESET OF 
ALL REGISTERS 
— 100% Functional Testability 
m SPACE SAVING 24-PIN, 300-MIL DIP 
= MINIMUM 10,000 ERASE/WRITE CYCLES j 
@ DATA RETENTION EXCEEDS 10 YEARS PIN CONNECTIONS (top view) 
m APPLICATIONS INCLUDE: 
— Reconfigurable Interfaces 
— Copy Protection and Security Schemes 
— erasable hardware 
— password systems 
— proprietary hardware/software interlocks 
— Configurable memory mapping 


Cc 
Plastic Chip Carrier 


DESCRIPTION 

The GAL16Z8 (patent pending) is a revolutionary 
programmable logic device featuring a 5-volt only 
in system programmability. The device combines 
a high performance CMOS process with electrically 
erasable (E2) floating gate technology. This 
programmable memory technology applied to ar- 
ray logic provides designers with reconfigurable 
logic and bipolar performance at significantly 
reduced power levels. The 24-pin GAL16Z8 is ar- 
chitecturally equivalent to the familiar 20 pin GAL 
16V8 but includes 4 extra pins to control in-systems 
programming. It features 8 programmable logic 
OUTPUT LOGIC MACROCELLs (OLMC) allowing 
each output to be configured by the user. Addition- 
ally, the GAL16Z8 is capable of emulating, in a 
functional/fuse map compatible device, all 20 pin 
PAL device architectures (excluding XOR devices). 
Unique test circuitry and reprogrammable fuses al- 
low complete AC,DC, fuse and functionality 
testing during manufacture. Therefore, 
SGS-THOMSON guarantees 100% field program- 
mability and functionality of the GAL devices. In 
addition, electronic signature is available to provi- 
de positive device ID. A security circuit is built-in, 
providing propietary designs with copy protection. 
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PIN NAMES GAL16Z8 REPLACING PAL DEVICES 


10-115 INPUT 


16L2 
16H2 |16RP8 | 16RP6 | 16RP4 
14P4 |16P2 
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OVERVIEW 


The ispGAL16Z8 device has three basic modes of 
operation: NORMAL, DIAGNOSTIC and PRO- 
GRAM. These three modes are controlled by the 
system designer through the use of a sophisticat- 
ed on-chip state machine. 

In addition, the ispGAL16Z8 has been optimized 
so that the use of 2 or more devices on a board 
requires the same amount of control overhead as 
a single device would. This Serial Loop approach 
applies to the DIAGNOSTIC and PROGRAM oper- 
ation modes of the device. 

Detailed information on the characteristics, control 
options and timing for each of the operating modes 
is available. Contact your sales representative for 
a copy of this document. 

The balance of this document will perform a general 
review of the operation of the ispGAL16Z8 in its 
various modes and will explain the use of these 
control pins. 


MODE CONTROL & OPERATION 


The signals used to control this device are the same 
for both the DIAGNOSTIC and PROGRAM modes. 
During NORMAL mode the control pins serve no 
function other than to control the transition to 
another mode. The shared control pin approach al- 
lows for a simple multi-mode operation with minimal 
system or board overhead. 

The four control signals are TTL level signals; 
MODE, DCLK, SDI and SDO. These signals are 
used to transition from mode to mode an through 
each of the five states as shown in Figure 1. MODE 
is used only to control the on-chip state machine. 
DCLK is used for mode control and for the orderly 
clocking of data into the 16Z8 from the SDI (serial 
data in) pin as well as out of the device through 
the SDO (serial data out) pin. SDI is also used for 
state machine control. 

The current state cannot be explicity observed, 
however, and ‘‘escape’”’ sequence (‘‘HL’’) to the 
NORMAL mode is always available to start the 
process fresh. Caution should be used when us- 
ing this escape path as the pattern in the device 
may not be valid if an erase or reprogramming oper- 
ation was in progress. 


Figure 1. On-Chip State Machine 
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Normal Operation 
_ 

Diagnostic 

Register Preload 
— 

Program. 
_ Shift/Load 


Power Up 


Read 


De $3 
Program. 


S4 
Program. 


L =LOGIC LOW (V;,) 
H=LOGIC HIGH (Vj4)) 
X= DON'T CARE 


DIAGNOSTIC MODE 


From the NORMAL mode the device transitions to 
the DIAGNOSTIC: Preload state (mode: state). In 
this mode the values in the Macrocell registers can 
be interrogated or “"’pre-’’loaded for diagnostic test- 
ing of the system. Advanced system design re- 
quires full control an observability of all registers 
on a board. 

Upon entry to the DIAGNOSTICS: Preload state the 
data on the device output pins (15-22) is latched 
and held to its 1, 0 or three-state condition. This 
is important as the DIAGNOSTIC: Preload state 
configures a serial loop from the SDI pin through 
each of the registers to the SDO pin. Data is shift- 
ed across all of the registers during diagnostics 
(Figure 2). The latching of the current ouptut data 
insures that the system is not influenced by the 
changin register contents until such time as the 
DIAGNOSTIC: Preload state is exited. 

The access to the macrocell data is through the 
SDI and SDO pins. While in the DIAGNOSTIC: 
Preload state the value in each register is serially 
shifted out through SDO with each pulse of the 
DCLK pin. Similarly, new data can be pre-loaded 
into the registers through the SDI pin. 
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Figure 2. Diagnostic/Program Pinout 


The number of registers in a 16Z8 is a function of 
the configuration of each macrocell. The length of 
the serial path, and therefore the number of bits 
of data shifted in or out of the device, is a function 
of the number of macrocells which are configured 
to have registers. 


PROGRAM MODE 


The PROGRAM mode can only be entered from 
the DIAGNOSTIC: Preload state. When this tran- 
sition is made the value of the user programma- 
ble Three-State Bit (TSB) is examined to determine 
the data condition that is held on the device out- 
put pins 15-22. The data can either remain latched 
to 1-0-Z as in the DIAGNOSTIC mode or the data 
can be forced to high impedance. Again, this fea- 
ture allows complete control of the system during 
programming. 

The DIAGNOSTIC mode consists of three states 
of the on-chip state machine: SHIFT, READ and 
WRITE. Proper sequencing of these states is ne- 
cessary to program and verify the device. Program- 
ming and verification is accomplished using a Serial 
Register Latch (SRL) to program or verify a row of 
data at a time. 


PROGRA: Shift 


During the PROGRAM: Shift state the 88 bit SRL 
is serially loaded with 82 bits of data and 6 bits of 
row address for each row to be prgrammed. The 
architecture and Electronic Signature of the 16Z8 
are also programmed in the same manner. DCLK 
is used the shift data into SDI for the loading 
process. 


GAL16Z8 


PROGRAM: Read 


Verification of data in the array is accomplished in 
the PROGRAM: Read state. Exiting the PRO- 
GRAM: Read state to the PROGRAM: Shift state 
causes the contents of the array row to be copied 
to the SRL. This data can be shifted out as outli- 
ned above. Programming the Security Cell prevents 
valid data from being loaded into the SRL. This fea- 
ture is provided to prevent subsequent copying of 
the cell patterns. 


PROGRAM: Write 


The actual programming cycle occurs in the PRO- 
GRAM: Write state. The data to be programmed 
is loaded into the SRL in the PROGRAM: Shift state 
prior to executing the write cycle. It is the respon- 
sability of the system control logic to assure that 
the device stays in the PROGRAM: Write state for 
a sufficient time to program the E? cells, approxi- 
mately 10 ms. The PROGRAM: Write state is then 
exited to the PROGRAM: Read state for verifica- 
tion of the data. 

The 16Z8 is completely erased by addressing an 
‘erase’ row address using the same process ou- 
tlined above. It is necessary to bulk-erase the de- 
vice prior to rewriting any pattern into the device 
as each row write cycle does not include an auto- 
matic erase of that row. 

The entire programming process takes less than 
1/2 second. The bulk erase is 10 ms, and each of 
the 36 programmable rows can be loaded, pro- 
grammed and verified in approximately 10.5 ms for 
a total time of 0.39 seconds. During this time the 
device output pins are latched or high impedance 
and the 16Z8 is not responding to changes on its 
input pins. The system must accommodate this pro- 
gramming time. 
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SERIAL DIAGNOSTIC/PROGRAM 
LOOP OPERATION 


Figure 3 shows a typical ispGAL16Z8 system. No- 
tice that several devices have been cascaded 
together to form a serial progamming loop. This ar- 
rangement allows the simultaneous transfer of 
programming and diagnostic data through every 
ispGAL device in the system with no additional con- 
trol logic necessary. When controlling multiple 
devices in such a loop, the basic diagnostic and 
programming algorithms remain unchanged. 
However, there are some additional considerations. 
In a serial programming loop, the SDO of the first 
device is connected to the SDI of the second, the 
SDO of the second to the SDI of the third, and so 


on. DCLK and MODE are common for every device. . 


With such an arrangement, devices in the loop are 
always in the same state, but the data being shift- 
ed into their respective SRLs may be different. Note 
that, before data reaches the SDI input of any given 
device, it must first pass through the 88-bit SRL 
of every device ahead of it in the loop. The SRL 
is asynchronously bypassed (SDO = SDI) whenever 
MODE = 1 allowing SDI to function as both a data 
and mode control pin. 

In a serial diagnostic loop the length of the loops 
is a function of the number of OLMC registers be- 
ing used. On the other hand, in a serial program- 
ming loop, data transfers always occur in multiples 
of 88-bits, as the data must pass through the SRL 
of other devices in the loop. 

Becuase all devices in a loop are always in the 
same state, reprogramming just one out of “‘n” 
devices would seem to be a problem. This, 
however, is not the case, as several options exist. 
The most obvious solution is to simply reprogram 
all of the devices, even if the new pattern is the 


PROGRAMMER/DEVELOPMENT SYSTEMS 


VENDOR SYSTEM REVISION 
DATA I/O Model 29B V04 
Adapter 303A-011A V06 
Programmable Logic Lab V2.20 


Logic Tech. 


same as the old. The system ‘‘down’’ time is ef- 
fectively the same since all the devices reprogram 
in parallel. 


Figure 3. Typical ispGAL16Z8 System 
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SOFTWARE DEVELOPMENT TOOLS+ 


[PACKAGE | VENDOR | REVISION 


(tj) When emulating PAL devices any revision of the software can 
be used to create the PAL JEDEC file. Some programming hard- 
ware will automatically configure the GAL architecture. 
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CMOS FPLA GENERIC ARRAY LOGIC 


PRODUCT PREVIEW 


w ELECTRICALLY ERASABLE CELL 
TECHNOLOGY 
— Instantly Reconfigurable Logic 
— Instantly Reprogrammable Cells 
— Guaranteed 100% Yields. 
ms HIGH PERFORMANCE E2CMOS TECHNOLOGY 
— Low Power: 90mA Typical 
— High Speed: 15ns Max. Clock to Output Delay 
25ns Max. Setup Time 
30ns Max. Propagation Delay 
= TTL COMPATIBLE INPUTS AND OUTPUTS 
m UNPRECEDENTED FUNCTIONAL DENSITY mg 
— 10 Output Logic Macro Cells 
— 8 State Logic Macro Cells 
— 20 Input and I/O Logic Macro Cells 
mw HIGH-LEVEL DESIGN FLEXIBILITY 
— 78x64x 36 FPLA Architecture 
— Separate State Register and Input Clock Pins 
— Functionally Supersets Existing 24-pin PAL* and 
IFL* Devices 
— Asynchronous Clocking 
m SPACE SAVING 24-PIN, 300-MIL DIP 
= HIGH SPEED PROGRAMMING ALGORITHM 
m 20-YEAR DATA RETENTION 


DESCRIPTION 

Using a high performance E2CMOS technology, 
GAL has produced a next generation programmable 
logic divice, the GAL39V18. Using an FPLA architec- 
ture Known for its superior flexibility in state machine 
design, the SGS-THOMSON GAL39V18 offers the 
highest degree of functional integration and flexibi- 
lity currently availiable in a 24-pin, 300 mil package. 
The GAL39V18 has 10 programmable OUTPUT 
LOGIC MACROCELL (OLMCs) and 8 Programma- 
ble “Buried” State Logic Macrocells (SLMCs). In ad- 
dition, there are 20 input Logic Macrocells (ILMCs). 
Two Clock inputs are provided for independent con- 
trol of the Input and State Macrocells. Advanced fea- 
tures that simplify programming and reduce test 
time, coupled with E2?CMOS reprogrammable cells, 
enable complete AC, DC, programmability, and 
functionality test of each GAL39V18 during manufac- 
ture, This allows SGS-THOMSON to guarantee 
100% field programmability and functionality to data- 
sheet specifications. Programming is accomplished 
using standard hardware and software tools. SGS- 
THOMSON guarantees a minimum of 100 erase 
write cycles, and data retention to exceed 20 years. 
An Electronic Signature word has been provided for 
user-defined data. In addition, a security cell is avail- 
able to protect proprietary designs. 


Plastic Package Ceramic Package 


Cc 
Plastic Chip Carrier 


PIN CONNECTIONS (top view) 
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PIN NAMES 


GROUND 


BLOCK DIAGRAM 


7 


MACRO CELL NAMES 


ILMC INPUT LOGIC MACRO CELL 


STATE LOGIC MACRO CELL 
OLMC OUTPUT LOGIC MACRO CELL 
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ABSOLUTE MAXIMUM RATINGS 


[Swpy votes —SSSSCS*~‘“~*wdCSC | 


Stresses above those listed under the ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
These are stress only ratings and functional operation of the device at these or at any other conditions above those indicated 
in the operational sections of this specification is not implied (while programming, follow the programming specification). 


OPERATING RANGE 


Temperature Range 


Input Timing Reference Levels eo 
Output Timing Reference Levels 


3-state levels are measured 0.5V from steady-state C_ INCLUDES JIG PROBE TOTAL CAPACITANCE 
active level. 


+5V 
SWITCHING TEST CONDITIONS 
R 
saediaaaced FROM OUTPUT (Bx, Fx) 
Xr TEST POINT 
Input Rise and Fall Times 3ns 10%-90% UNDER TEST : n 
on CL° 


CAPACITANCE (Ta = 25°C, f=1.0MHz, Vcc =5V) 


[svat [Parameter | ___‘TestConions | Maximum? [ Units 


* Guaranteed but not 100% tested 
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LOGIC DIAGRAM 
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INPUT LOGIC MACRO CELL (ILMC) AND 1/0 
LOGIC MACRO CELL (IOLMC) 


The GAL39V 18 features two configurable input sec- 
tions. The ILMC section corresponds to the dedi- 
cated input pins (2-11) and the IOLMC to the I/O 
pins (14-23). Each input section is configurable as 
a block for asynchronous, latched, or registered in- 
puts. Pin 1 (ICLK) is used as an enable input for 
latched macrocells (transparent when high) and as 
a clock for registered macrocells (positive edge 
triggered). 

Configurable input blocks can be used to advan- 
tage by system designers. Registered inputs are 
popular for synchronization and data merging. 
Transparent latches are useful when the input data 
is invalid outside a known time window. Direct in- 
puts are used in systems where the input data is 
well ordered in time. With the GAL39V18, exter- 
nal registers and latches are not necessary. 
The various configurations of the input and I/O mac- 
rocells are controlled by programming four architec- 
ture control bits (INLATCH, INSYN, IOLATCH, 
IOSYN) within the 68-bit architecture control word. 
The SYN bits determine whether the macrocells 
will have register/latch capability or will be strictly 
asynchronous. The LATCH bits select between 
latched and registerd inputs. 

The three valid macrocell configurations are shown 
in the macrocell equilavent diagrams on the follow- 
ing pages. The truth table associated with each di- 
agram shows the values of the LATCH and SYN 
‘bits required to set the macrocell to the configura- 
tion shown. 


OUPTUT LOGIC MACRO CELL (OLMC)/STATE 
LOGIC MACRO CELL (SLMC) 


The outputs of the OR array feed two groups of 
macrocells. One group of eight macrocells is bu- 
ried; its output feed back directly into the AND array 
rather than to device pins. These cells are called 
the State Logic Macrocells (SLMC), as they are use- 
ful for building state machines. The second group 
of macrocells consists of 10 cells whose outputs, 
in addition to feeding back into the AND array, 
are available at the device pins. Cells in this group 
are known as Ouptut Logic Macrocells (OLMC). 
Like the ILMC and IOLMC discussed above, out- 
put and state logic macrocells are configured by 
programming specific bits in the architecture con- 
trol word (CKS(i), OUTSYN(i), OXRD(i), XORE(i)), 
but unlike the input macrocells which must be con- 
figured in blocks, these macrocells are configura- 
ble on a macrocell-by-macrocell basis. Throughout 
this data sheet, i =[14...23] for OLMCs and i=[0...7] 
for SLMCs. 

State and Ouptut Logic MacroCells may be set to 


GAL39V18 


one of three valid configurations: combinational, 
D-type registered with sum term (asynchronous) 
clock, or D/E-type registered. Output macrocells 
always have I/O capability, with directional control 
provided by the 10 output enable (OE) product 
terms. Additionally, the polarity of each OLMC out- 
put is selectable through the XORD(i) architecture 
bits. Polarity selection is not necessary for SLMCs, 
since both the true and complemented forms of 
their ouptuts are available in the AND array. Polarity 
of all ‘“‘E’’ sum terms is selectable through the 
XORE(i) architecture contro! bits. 

When CKS(i) = 1 and OUTSYN(i) = 0, macrocell ‘‘i’’ 
is set as “‘D/E-type registered.” In this sonfigurde 
tion, the register is clocked from the common OCLK 
and the register clock enable input is controlled by 
the associated ‘‘E’’ sum term. This configuration 
is useful for building counters and state-machines 
with state hold functions. 

When CKS(i) = 0 and OUTSYN(i) = 0, macrocell ‘‘i’”’ 
is set as ‘‘D-type registered with sum term clock. " 
In this configuration, the register is enabled and 
its ‘‘E’’ sum term is routed directly to the clock in- 
put. This allows for the popular ‘‘asynchronous 
programmable clock’ feature, selectable on a 
register-by-register basis. 

When CKS(i) = 0 and OUTSYN(i) = 1, macrocell ‘‘i’”’ 
is set as ‘“‘combinational.”’ Configuring a SLMC i a 
this manner turns it into a complement array. Com- 
aon arrays are used to construct multi-level 
ogic. 

Registers in both the Ouptut and State Logic Mac- 
rocells feature a RESET input. This active high in- 
put allows the registers to be simultaneously and 
asynchronously reset from a common signal. The 
source of this signal is the RESET product term. 
Registers reset to a logic zero, but since the out- 
put buffers invert, a logic one will be present at the 
device pins. 

There are two possible feedback paths from each 
OLMC: one from before the output buffer (this is 
the normal path), and one from after the output 
buffer, through the IOLMCs. The second path is 
usable as a feedback only when the associated bi- 
directional pin is being used as an output; during 
input operations it becomes the input data path, 
turning the associated OLMC into an additional bu- 
ried state macrocell. 

The D/E registers used in this device offer the 
designed the ultimate in flexibility and utility. The 
D/E register construct can emulate RS-, JK-, and 
T-type registers with the same efficiency as a dedi- 
cated RS-, JK-, or T-register. 

The three valid macrocell configurations are shown 
in the macrocell equivalent diagrams on the follow- 
ing pages. The truth table associated with each di- 
agram shows the bit value of CKS(i) and OUTSYN(i) 
required to set the macrocell to the configuration 
shown. 


(77 SGS-THOMs aL) 
ae ne 


65 


GAL39V18 


ILMC/IOLMC CONFIGURATIONS 


INPUT PINS 2-11 


INPUT PINS 2-11 VO PINS 14-23 | 
V/0 PINS 14-23 


LATCH SYN 


ILMC/IOLMC Asynchronous Input 


Generic Block Diagram LATCH | SYN 
1 1 
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OR 
1/0 PINS 14-23 VO PINS 14-23 
ND 
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OLMC/SLMC 
Block Diagram 


D/E Type Registered 
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ARRAY DESCRIPTION 


The GAL39V18 E2 reprogrammable array is sub- 
divided into three smaller arrays: AND, OR, and 
Architecture. These arrays are described in detail 
below. 


AND ARRAY 


The AND array is organized as 78 input terms by 
75 product term outputs. The 20 input and I/O lo- 
gic macrocells, 8 SLMC feedbacks, 10 OLMC feed- 
backs, and ICLK comprise the 39 inputs to this 
array (each available in true and complemented 
forms). Product terms 0-63 serve as inputs to the 
OR array. Product term 64 is the RESET PT; it ge- 
nerates the RESET signal described in the earlier 
discussion of output and state logic macrocells. 
Product terms 65-74 are the output enable product 
terms; they control the output buffers, thus enabling 
device pins 14-23 to be bi-directional or 3-state. 


OR ARRAY 


The OR array is organized as 64 inputs by 36 sum 
term outputs. Product terms 0-63 of the AND ar- 
ray serve as the inputs to this array. Of the 36 sum 
term outputs, 18 are data (‘‘D’’) terms and 18 are 
enable/clock (“‘E’’) terms. These terms feed into 
the 10 OLMCs and 8 SLMCs, one “‘D”’ term and 
one ‘‘E”’ term to each. 


ARCHITECTURE ARRAY 


The various configurations of the GAL39V18 are 
enabled by programming cells within the architec- 
ture control word. This 68-bit word contains all of 
the chip configuration data. This data includes: 
XORD(i), XORE(i), CKS(i), OUTSYN(i), INLATCH, 
INSYN, IOLATCH, and IOSYN. The function of 
each of these bits has been previously explained. 


ELECTRONIC SIGNATURE WORD 


Every GAL39V18 device contains and electronic 
signature word. The Electronic Signature word is 
a 72-bit user definable storage area, which can be 
used to store inventory control data, pattern revi- 
sion numbers, manufacture date, etc. Signature da- 
ta is always available to the user, regardless of the 
state of the security cell. 


SECURITY CELL 


A security cell is provided with every GAL39V18 
device as a deterrent to unauthorized copying of 


the array patterns. Once programmed, this cell pre- 
vents further read access to the AND, OR, and ar- 
chitecture arrays. This cell can be erased only 
during a bulk erase cycle, so the original configu- 
ration can never be examined once this Cell is pro- 
grammed. Electronic Signature data is always 
available to the user, regardless of the state of this 
control cell. 


BULK ERASE 


Before writing a new pattern into a previously pro- 
grammed part, the old pattern must first be era- 
sed. This erasure is done automatically by the 
programming hardware as part of the programming 
cycle and takes only 50 milliseconds. 


REGISTERED PRELOAD 


When testing state machine designs, all possible 
states and state transitions must be verified, not 
just those required during normal machine opera- 
tions. This is because in system operation, certain 
events may occur that cause the logic to assume 
an illegal state: power-up, brown out, line voltage 
glitches, etc. To test a design for proper treatment 
of these conditions, a method must be provided to 
break the feedback paths and force any desired 
state (i.e., illegal) into the registers. Then the ma- 
chine can be sequenced and the outputs tested for 
correct next state generation. 


All of the registers in the GAL39V18 can be pre- 
loaded, including the input, I/O, and state registers. 
In addition, the contents of the state and ouptut re- 
gisters can be examined in a special diagnostics 
mode. Progamming hardware takes care of all pre- 
load timing and voltage requirements. 


INPUT BUFFERS 


GAL devices are designed with TTL level compa- 
tible input buffers. These buffers, with their cha- 
racteristically high impedance, load driving logic 
much less than “‘traditional bipolar devices’’. 
This allows for a greater fan out from the driving 
logic. 


GAL devices do not possess active pull-ups within 
their input structures. As a result, Lattice recom- 
mends that all unused inputs and 3-state I/O pins 
be connected to another active input, Vcc, or 
GND. Doing this will tend to improve noise immu- 
nity and reduce Icc for the device. 
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POWER-UP RESET 


wats XXKKXXXXXXXXKKXKKLA 
FEED TER 
novont’s XKXXXXKXXXKXKKXKXK 


Circuitry within the GAL39V 18 provides a reset si- 
gnal to all registers during power-up. All internal 
registers will have their Q outputs set low after a 
specified time (tReseT). As a result, the state on 
the registered output pins (if they are enabled) will 
always be high on power-up, regardless of the pro- 
grammed polarity of the output pins. This feature 
can greatly simplify state machine design by pro- 
viding a known state on power-up. 


PROGRAMMER/DEVELOPMENT SYSTEMS 


VENDOR SYSTEM REVISION 


DATA I/O Model 29B V04 
Adapter 303A-011A V06 


Logic Lab V2.20 


Programmable 
Logic Tech. 


GAL39V18 


VALID CLOCK SIGNAL 


INTERNAL REGISTER 
RESET TO LOGIC 0 


EXTERNAL REGISTER 
OUTPUT = LOGIC 1 


The timing diagram for power-up is shown above. 
Because of the asynchronous nature of system 
power-up, some conditions must be met to guaran- 
tee a valid power-up reset of the GAL39V 18. First, 
the Vcc rise must be monotonic. Second, the 
clock inputs must be come a proper TTL level wi- 
thin the specified time (tprR). The registers will re- 
set within a maximum of tres_ET time. As in normal 
system operation, avoid clocking the device until 
all input and feedback path setup times have been 
met. 


SOFTWARE DEVELOPMENT TOOLSt 


PACKAGE VENDOR REVISION 


CUPL* Personal Cad Systems V2.15 
ABEL* Data I/O 
LC9000* Programmable Logic Tec. 


(t) When emulating PAL devices any revision of the software can 
be used to create the PAL JEDEC file. Some programming hard- 
ware will automatically configure the GAL architecture. 
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GAL39V18 


PACKAGE INFORMATION 
24-LEAD PLASTIC DIP 24-LEAD CERAMIC DIP 


30 78™9* 
14 48™4* 


S- 10704 


PO64-1/2 


CHIP CARRIER 28 LEAD PLASTIC 
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GAL39V18 SPECIFICATION (Continued) 


ORDERING INFORMATION 


The SGS-THOMSON GAL devices are available in a va- 
riety of packages and two temperature ranges. 
General ordering code is reported below. 


GAL39Vi8 W P C T 


ore 1 0°C to 70°C 
2 -59°C to 125°C 


PACKAGE B Plastic DIL 

F Ceramic Frit-seal (°) 

C Plastic Chip-Carrier (Quad) (°) 
D Ceramic Metal-seal (°) 

Z Ceramic Chip Carrier 


Leadless (°) 


Q Quarter Power 
H Half Power 


- 15 ns 
- 20 ns 
- 25 ns 
- 30 ns 
- 35 ns 


EXAMPLE: Order Code for a GAL39V18, 20 ns speed 
and half power in plastic DIL is: GAL39V18-20HB1 


(°) Please contact SGS-THOMSON Sales Office 


- Burn-in (168h, 125°C) also available for these products 
(add suffix ‘'X’’). 

- Military temperature range is available in ceramic pac- 
kages only. 


ISTA SGS-THOMSON 


GAL39V18 


SPEED/POWER CROSS-REFERENCE GUIDE 


GAL BIPOLAR 
DEVICE PAL DEVICE 


15ns - 15Q 
- 15H 
use - 15H 


(#) 20ns - 200 — 
(@) 20ns - 20H — 
() 20ns use - 20H B MIL 


- 25Q 
- 25H B-2 
use - 25H 


(#) 30ns - 30Q — 
() 30ns - 30H B-2 MIL 
() 30ns use - 30H A MIL 


- 35Q 
use - 35Q 
use - 35Q 


use - 30Q 
() 40ns use - 30H 
(¢) 40ns use - 30H 


(@) MILITARY TEMPERATURE RANGE 


() 40ns 


A-2 MIL 
STD MIL 
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LOGIC CONCEPT 


LOGIC DESIGN BASIC CONCEPTS 


The digital logic design process is based on Boo- 
lean algebra. Here we deal only with the fundamen- 
tals of Boolean algebra necessary to implement 
basic logic functions in a programmable logic 
device. 


Boolean Algebra - Basic Functions 


Boolean algebra is based on the ‘“‘yes”’ or ‘‘no”’ 
conditions that can also be expressed as ‘‘true”’ 
or ‘false’, ‘‘high”’ or “‘low’’, or in digital electro- 
nic terms as ‘‘1” or “‘0”. 


All the operations in Boolean algebra are expres- 
sed in terms of these two states through the three 
basic functions: AND, OR and NOT summarized 
in Figure 1. 


Except for the NOT operator, the “AND” and ‘‘OR”’ 
follow the basic properties of algebra: 

(1) C=A+B 

(2) D=(A+B) 
In case 1, values of A and B are inverted before 
evaluating the OR. In the case 2 OR has to be eva- 


luated before the inverting operation because of 
the parenthesis. 


Commutative Property: 
X*Y=Y*X 
X+Y=Y+X 
Associative Property: 
(X+Y)+Z=X+(Y+Z) 
(X* Y)#*Z=X*(Y *Z) 
POSTULATES 
Additive and Multiplicative Identity Elements: 
X+0=X 
X*1=X 


Figure 1. Boolean Operators 


LOGIC SYMBOL TRUTH TABLE EQUATION FUNCTION LOGIC OPERATOR 
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Distributivity: 
X+(Y *Z)=(X+ Y)*(X+Z) 
X*(Y + Z)=(X* Y) + (X*Z) 
Complementation: 
X+X=1 
X*X=0 
THEOREMS 
Idempotence: 
X*X=X 
X+X=X 
Special properties of 0 and 1: 
X+#0=0 0 
X+1=1 1 
0*0=0 1 
0+0=0 1 
Absorption: 
X*(X + Y)=X 
X+(X*Y)=X 
DeMorgan’s Law: 
(X+V4+Z4+...) =X#V#Z+... 
(X#*VeZ4...J=X+Y+Z4... 
Also very important in Boolean algebra is the 
Duality principle that states that if the following 


replacements are made, a logical equivalent ex- 
pression can be generated: 


Replace all TRUES with FALSES 
Replace all FALSES with TRUES 
Replace all ANDs_ with ORs 
Replace all ORs with ANDs 


Shy? or ibe’? 


OMSON 
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Karnaugh Maps 


Once we define the function we want to implement, 
it is very important to optimize it using the theo- 
rems already illustrated or using the visual tool 
known as Karnaugh maps. This map aids in the 
reduction of logic functions to either of two special 
formats that are easily transferred into PLD logic 
maps: these formats are the Sum Of Products 
(SOP) and the Product Of Sums (POS). 


The goal of the designer of the development soft- 
ware is to transform the logic definition into an 
acceptable format. The POS format can be used 
to decribe any combinatorial logic function. This 
two-level format consists of logical OR terms that 
are ANDed together. Thus 


(1) Y=Ax*(C+D)+B*C+Bx*D 
can be simplified to: 

(2) Y=A*(C+D)+Bx*(C+D) 
and then 

(3) Y=(A+B)*(C+D) 


which is an AND of sum terms. 

The most common representation is the dual of the 
Product Of Sums format and is known as the Sum 
Of Products. The basic PLD array interconnects are 
of this form. The Sum Of Products (SOP) consists 
of several AND terms ORed (Summed) together. 
Eq. (1) can also be simplified to a SOP form: 


(4) Y=Ax*(C+D)+B*C+B*D 
and then 
(5) Y=A*C+A#D4+B*C+B*D 
The above transformations are shown in Figure 2 


DeMorgan’s Law 


A closer examination of the above two implemen- 
tations of the same function in POS (Eq. (3)) and 
SOP (Eq. (5)) forms shows that the number of terms 
feeding into the final gate varies with the implemen- 
tation. The SOP format required only 4 terms. This 
observation is critical, since the total number of 
terms in any PLD is limited. De Morgan’s law (de- 
fined earlier in this section) is a simple rule that can 
quickly convert SOP to POS or back, without alte- 
ring the final logic function. This can allow the num- 
ber of terms to be reduced by as much as 50%, 
to overcome device limitations. Eq. (8) can be con- 
verted to SOP as follows: 


(3) Y=(A+B)#*(C +D) 


using duality: 
- first step is to change all ‘‘Trues’”’ to ‘‘Falses”’ 


(4) Y=(A+B)*(C+D) 


Figure 2. Basic Function Formate 


BASIC LOGIC FUNCTION 


POS FORM 


SOP FORM 


- second step is to change all ““ANDs”’ to ‘“‘“ORs”’ 
and all “ORs” to ‘‘ANDs’”’ 


(5) Y=(A*B)+(C*D) 
Eq. (5) is the SOP form. Note, however, that the 
output function is inverted (or ‘‘active low’’). A sub- 


sequent inversion function will be required to pro- 
duce the original output function. 


Reduction of Equations 


Generally a complex logic function must be repre- 
sented in a specific and reduced format to be 
implemented into a PLD. The various methods 
touched on above; Karnaugh maps, DeMorgan’s 
law are used to manipulate the equations in con- 
junction with the basic Postulates and Theorems. 


Current generation software handles all equation 
minimization and will actually allow the use of 
higher level functions, such as state description and 
macro functions, as input functions. 
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PLD Representation 


Let us now a look at the logic conventions used 
to describe PLD devices. A typical PLD input buf- 
fer is showed in fig. 3. Its two outputs are the true 
and complement of the input. 


Figure 3. PLD Input Buffer 


Figure 4 illustrates the convention used to reduce 
the complexity of a logic diagram without sacrifi- 
cing any of the clarity. The traditional representa- 
tion of an AND shows three inputs: A, B and C. 


Figure 4. AND Gate Representations 


TRADITIONAL REPRESENTATION 


INPUT TERMS 
A B Cc 


PRODUCT TERM 


PLD REPRESENTATION 
D 


The PLD representation has the same three inputs. 
This shorthand reflects the three distinct input 
terms of the prior drawing. The structure of a 
multiple-inpbut AND gate is known as a Product 
Term. 


Referring to Figure 5, we see that the solid-dot 
connection in the previous figure represents a 
permanent connection. A programmable intercon- 
nection would appear as an X over the intersection, 
as shown. The X implies that the connection is in- 
tact, whereas the absence of an X implies no con- 
nection. 
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Figure 5. PLD Connections 


HARDWIRED CONNECTION 


PROGRAMMED (INTACT) CELL 


ERASED (OPEN) CELL 


Figure 6 details the default conditions for AND 
gates. 


Figure 6. AND Gate Default Conditions 


From the diagram, you can see that the AND gate 
for output D is connected to all the input terms. The 
equation for D is 


D=A*A*BxB 


which can be simplified using Boolean algebra 
D=(A*A)*(B*B) 
D = (0) * (0) 
D=0 

The connection of both the true and complement 


of a given input buffer to a single product term 
results in that product term always being a logic 0. 


LIZ, BEpoltnenmonnes 
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PLD Representation (continued) 


A shorthand notation for leaving all of the input buf- 
fers connected is illustrated on output E. Since logic 
diagram maps are usually supplied without any of 
the connections shows as intact, it is much sim- 
pler for the designer to connect a whole product 
term (the device default) by simply drawing ‘‘Xs” 
within the AND gate. Again, this product term will 
always be a logic 0. 


Output F, in contrast, does not have any input terms 
connected to its product term. This product term 
will always float to a logic 1, resulting ina 1 on the 
ouptut. In the following sections, where various PLD 
architectures will be examined in detail, we will see 
why this design practice is not recommended. 


PAL Devices 


The PAL structure in Fig. 7 shows that a PAL 
consists of a programmable AND array that feeds a 
fixed OR array. This approach offers the highest 
performance and the most efficient architecture for 
most logic functions. 


The quantity of product terms per output is fixed 
by the hardwired OR array. The typical logic func- 
tion requires some 3 to 4 product terms, well 
under the 7 to 8 available on current generation 
devices. 


PAL device architectures (the number of inputs, 
outputs and product terms) have been fixed by the 
manufacturer, based on a guess as to what the 
designer may ultimately want. However, the dozens 
of device types introduced over the last 8 years 
essentially offer various permutations of three basic 
output structures. 


Figure 8. Dedicated Output Structure 


INPUT TERMS 


The first is shown in Figure 8, which illustrates an 
input and an output with six product terms. The out- 
put is always enabled and active low (notice the 
invert at the OR gate). The true and complement 
of the input are available to the AND array. 


Figure 7. Basic PAL Device Architecture 


“OR ARRAY 
(FIXED) 


AND" ARRAY 
(PROGRAMMABLE) 
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PAL Devices (Continued) 


The second output structure is actually an I/O pin, 
shown in Figure 9. The output logic is an active- 
low function of seven product terms. The data from 
the pin also feeds back into the AND array. 


Notice that the output buffer is controlled by its own 
product term, allowing dynamic I/O control. This 
dynamic control can be used either to determine 
the ratio of device inputs to outputs or, to disable 
the outputs when connected in a bus enviroment. 


Third is a sequential, or registered output, shown 


Figure 9. Asynchonous I/O Structure 


INPUT TERMS 


LOGIC CONCEPT 


in Figure 10. The logic OR of eight products terms 
is available to the designer. Here, the register 
state (both true and complement) feeds back into 
the array, as well as into an output buffer with a 
bank-controlled output enable feature. The clock 
is common as well, minimizing switching skew 
between buffers, and the register is a high speed 
D type. The feedback of the register data into the 
AND array allows the current state data (in the 
registers) to be part of the next state function. This 
is necessary for most sequential functions, such 
as counting and shifting operations. 


Figure 10. Sequential (Registered) Output Structure 


INPUT TERMS 


Litt | : 
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GAL Devices 


GAL devices have the same programmable AND 
array driving a fixed OR array. The difference is 
in the architecture and flexibility of the output 
functions. 


The GAL device integrates an Output Logic Ma- 
crocell (OLMC) on each of its output pins. The GAL 


16V8 and its eight OLMCs are shown in figure 14. 
The OLMCs, shown in detail in the figures 11 and 
12, are configured by the designer function. 
Figure 13 shows the GAL macrocell configured into 
the four basic operating modes described 
previously. 


IST oee OMsen 
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Figure 11. GAL Device Output Logic Macrocell (OLMC): Pin 12 and 19 (GAL 16V8); Pin 15 and 22 (GAL 20V8) 


ACO AC\(n) ACOACI(n) 


XOR(n) 
FEEDBACK < | 


FROM 
PINT/ 15 
SYN ACI(n) 


$-10066/2 


Figure 12. GAL Device Output Logic Macrocell (OLMC): Pin 13 to 18 (GAL 16V8); Pin 16 to 21 (GAL 20V8) 
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Figure 13. OLMC Configurations 
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The programmable polarity feature of each of the 
output macrocells deserves a special investigation. 
Located in the heart of the OLMC, the program- 
mable polarity function is implemented by the 
exclusive-OR (XOR) gate that follows the OR gate 
from the array. Recalling the truth table of an XOR 
gate, it can be shown that the data can be inver- 


ted (control = 1) or not inverted (control=0), depen- ~ 


ding on state of the second input, as shown in the 
table below. 


Programmable Polarity Functionally 


Programmable output polarity is used extensively in 
DeMorgan’s Law to reduce the number of product 
terms required to implement a function. As a result, 
the GAL device can generally implement functions 
that appear to require more than 8 product terms 
per output. For example: 


O=A+B+C4+D4+E+F+G+H+I 
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Dedicated tn put Mode 


CK 


t OUTPUT LOGIC MACROCELL(n) 


NC 


FEEOBACK _< [—_—_—_—_-—— 


| FROM 
nc ADJACENT STAGE 
OUTPUT(m) 


Registered Active High or Low Oulput 


| FROM 
ADJACENT STAGE 
OUTPUT(m) 


is a function of 9 product terms, each representing 
one input variable. This equation can be reduced 
to one product term if DeMorgan’s Law is applied. 


0 is now a function of only 1 product term. To ob- 
tain O again, we need only invert the function using 
the polarity feature of the GAL OLMC. This func- 
tion could not have been implemented in the last 
generation PAL architecture. 


The OLMCs are configurable by the designer to 
perform the various functions. For example, the 
designer merely specifies two active-low registers, 
one active-high register and the device is 
configured istantly. 


Since each of the OLMCs contains the same logic, 
it is also possible to “‘tweak’’ an existing design 
for the convenience of the manufacturing depart- 
ment. One example might be moving a function to 
an adjacent pin to optimize board layout. 

This could eliminate an interconnect level on a mul- 
tilevel board, by swapping two functions and 
eliminating the need to cross traces. The GAL 
architecture is not fixed until the user specifies the 
requirements. 
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Figure 14. GAL 16V8 Block Diagram 
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GAL CONFIGURATION EXAMPLE 


This example shows how the various GAL16V8 ar- 
chitecture bits are derived to implement a device 
with 12 inputs and 6 programmable combinatorial 
outputs (figure 15). In practice, the user does not 
be concerned with these architecture bits, since 
they are automatically handled by qualified pro- 
gramming equipment. 


DERIVING THE ARCHITECTURE CONTROL 
WORD 


The architecture control word bits for this exam- 
ple are determined as follows: 


SYN=1 All outputs are combinatorial (no re- 


gisters) 
(Pins 1, 11 available as inputs in this con- 
figuration.) 
ACO =0 No tri-state outputs 
ACi(12)=1 ‘Input 
AC1(13)=0 Output 
AC1(14)=0 Output 
AC1i(15)=0 Output 
AC1(16)=0 Output 
AC1(17)=0 Output 
AC1(18)=0 Output 
AC1(19)=84 Input 
Figure 15 
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XOR(12)=X — Input pin, XOR not used 
XOR(13) = 1 Invert 

XOR(14) =0 Non-invert 

XOR(15) = 1 Invert 

XOR(16) = 1 Invert 

XOR(17) =0 Non-invert 

XOR(18) =0 Non-invert 

XOR(19) =X Input pin, XOR not used 


Since the above example matches a standard PAL 
architecture (PAL14P6), any logic assembler or 
compiler capable of supporting PAL14P6 could be 
used to develop this design. 

The resulting PAL14P6 JEDEC file could then be 
downloaded into a suitable GAL programmer, 
which would automatically map the PAL14P6 fu- 
ses into the GAL16V8 cells, and set the GAL ar- 
chitecture bits accordingly. 

Several logic compilers (ABEL, CUPL, PLAQ, 
LC9000) are capable of supporting GAL devices 
in non-PAL architectures. With these compilers, 
you can make a “‘GAL17P5’’, for example. 
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Figure 16. GAL 16V6 Block Diagram 
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Programming Basic Logic Gates 


Examples of implementation of basic gates AND, 
OR and XNOR are shown. Programming other ba- 
sic logic gates NAND, NOR and XOR can be ob- 
tained similarly. 


AND 
Logic 
Equation 


The cells A (row 2, column 8) and B (row 6, column 8) 
must be programmed. Figure 17 shows the equivalent 
circuit for the AND function. 


The number in brackets indicates how many input 
product terms are programmed at the specified lo- 


gic level 
OR 
Logic 
Equation 


OR=C+D 17,2,3 


Figure 17 
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Two product terms are involved in this case. The 
cells C (row 0, column 16) and D (row 4, column 
17) must be programmed. The equivalent electric 
circuit for OR function is shown in figure 18. 
Numbers in brackets indicate how many inputs pro- 
duct terms are programmed at the specified logi- 
cal level. 


XNOR 


Logic 
Equation 


XNOR=N*M+N*M_ | 13,12,11 


Also in this case two product terms are involved. 
We have to program four cells: 


S- 10237 


Figure 18 
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Programming Basic Logic Gates (Continued) 


Figure 19 


Figure 19 shows the equivalent circuit for the XNOR PROGRAMMING RESULT 


function. When a 16V8 has been programmed for the appli- 
* Inversion caused by polarity bit at logical ‘‘0”’ cation shown in fig. 15, the logic diagram becomes 


Numbers in brackets indicate how many input pro- that of figure 20. 


duct terms are programmed at the specified logical 
level. 


£ SGS-TH 
- S/ 4 trees 


LOGIC CONCEPT 


Figure 20. GAL 16V8 Basic Gates Diagram 
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Fuse plot is shown on the following pages 
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FUSE PLOT FOR THE APPLICATION IN FIGURE 15 


POLARITY 
11111111 
98765432 
X--XX-XX 


Legend x: 
- : Cell Erased (logical *‘1’’) 
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SYN/ACO 
S/A 
=X 


1111111111222222222233 
01234567890123456789012345678901 


Pin #19 2048 Pol x 2120 Ac‘ - 


0000 
0032 
0064 
0096 
0128 
0160 
0190 
0224 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXKXXKXXXKXKXXX 
XXXXXXXXXXXXXXXKXXXKXXXXKXKXKXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXKXXXKXKXKXKKXXX 
XXXXXXXXXXXXXXXXXKXXXXXKXXXXKKKKKX 
XXXXXXXXXXXXXXKXXXXXXXXKXKXKXKXKKKKKK 
XXXXXXXXXXXXXXXXKXXXXXXXXKKXKXKXKXKXXKX 
XXXXXXXXXXXKXXXXXKXKXKXXXXXKXKXKXKXKXKXKXX 


Pin #18 2049 Pol - 2121 Ac1 x 


0256 
0288 
0320 
0352 
0384 
0416 
0448 
0480 


XXXXXXXXXXXXXKXXXXXXXXXKXKXKXKXKXKKXKXXX 
XXXXXXXXXXXKXKXXKXKXXKXKKXKXKKXKKXKXXKXKXXXX 
XXXXXXXXXXXXKXXXXXXXKXXXKXKXKXXKXXXKXXX 
XXXXXXXXXXXKXKXXXXXXXXKXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXKXXXXKXKXXKXKXKXKXKKKK 
XXXXXXXXXXXXXXXXXXXXXXXXKXKXKXKXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXKX 


Pin #17 2050 Pol - 2122 Aci x 


0512 
-0544 
0576 
0608 
0640 
0672 
0704 
0730 


C D 
4 eenmtnmeew ee ee ee ee ee eel eee eee eee eee eee eee 
eX ee ee ee ee ee ee ee ee ee el 


XXXXXXXXXXXXXXXKXXKXXKXKXXKXKXKXXKKXXKXK 
XXXXXXXXXXXXXXKXXXKXXKXXKXKXKXXKXKXKKXXX 
XXXXXXXXKXXKXXKXXXXXXKXXKXXXXKXXKXXKXKKXK 
XXXXXXXXXXXXXKXXXXXXXXXXXXXKXXKXKXXK 
XXXXXXXXXXXXXXXXXKXXXXKXKXKXXXKXKXKKXKX 
XXXXXXXXXXXXXXXXXKXKXXKXKXXKXKXKXXXXKXXX 


Pin #16 2051 Pol x 2123 Ac1 x 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


Cell Programmed (logical ‘‘0’’) 


ISTA SCN aaes 


x KK KK RK KO Kx KM mK KK KK XK OU 


x KKK KK 


xx «x «K«K RK 


AC1 
11111111 
98765432 
-XXXXXX- 


Unused product terms must be pro- 
grammed. 


AND : B &A; 
Output is active-HIGH, because ‘‘POL”’ 
is not programmed (Pol -). 


Unused product terms must be pro- 
grammed. 


OR: C # D; 
Output is active-HIGH, because ‘‘Pol”’ 
is not programmed (Pol -). 


Unused product terms must be pro- 
grammed. 


NAND : E&F; 
Output is active-LOW because ‘‘Pol”’ is 
programmed (Pol x) 


Unsued product terms must be pro- 
grammed. 


FUSE PLOT FOR THE APPLICATION IN FIGURE 15 (cont’d) 


POLARITY 
11111111 


98765432 
X--XX-XX 


Pin #15 


Pin #14 


1280 
1312 
1344 
1376 
1408 
1440 
1472 
1504 


Pin #13 


Pin #12 


1792 
1824 
1856 
1888 
1920 
1952 
1984 
2016 


Legend x: 


: Cell Erased 


SYN/ACO 


S/A 
HX 


1111111111222222222233 
01234567890123456789012345678901 
2052 Pol x 2124 Ac1 x 


XXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXKXKXXKXXXXXXXX 
XXXXXXXKXXXXKXXXKXXXKXXKXXXXXKXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


2053 Pol - 2125 Ac1 x 


It LL 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXKXXXXXXXXXXXXXXXXKXXXX 


2054 Pol x 2126 Aci - 


XXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXKXKXXXXXXKXKXXXXKXKXKXXXKXKXXKXXXXXX 
XXXXXXKXKKXKXXKXXXXKXXXKXXXXXXXXXXKXX 
XXXXXXXXXXKKXXKKXXXXXXXXXXXXKXKXKXXKX 


2055 Pol x 2127 Aci - 


XXXXXXXXXXXKXXXKXXXXKXKXXXXXKKXXXXXXX 
XXXXXXXXXXXXKXXXKXXKXKXXKXXKXXXKXKXKXXKXX 
XXXKXXXXXXXXXXXXKXXXKXXXKXXXKXXXKXKXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXKXKXKKXKKXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXX 
XXXXXXXXXXXXKXKXKXXXXXXXXXXKXKXKXXXXXX 
XKXXKXKXKXKXXKKXKXKXXXKXXKXXXXXXKXKXXXXKXXKX 


Cell Programmed (logical ‘‘0’’) 
(logical *‘1’’) 


KY/. 


! xX KKK KKM x KKK KK 


x KKK KK I 


x KKK KKK XK 
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AC1 
11111111 
98765432 
- XX XXX X- 


NOR: G #H 
Output is active-LOW, because ‘‘Pol”’ 
is programmed (Pol x) 


Unused product terms must be pro- 
grammed. 


XOR :1$L; 

Logic operator XOR is equal to: 

(1 & L) # (1 & L) 

Output is active-HIGH because ‘‘Pol’”’ is 
not programmed (Pol -) 


Unused product terms must be pro- 
grammed. 


XNOR:M$N; 
Output is active-LOW, because ‘‘Pol’’ 
is programmed (Pol x). 


Unused product terms must be pro- 
grammed. 


Unused product terms must be pro- 
grammed. 
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SOFTWARE AND HARDWARE TOOLS 


SGS-THOMSON Microelectronics Inc. specializes 
in the business of designing and manufacturing 
EECMOS programmable logic devices as well as a 
broad range of commodity and semi-custom semi- 
conductor components. As such SGS-THOMSON 
does not supply custom software or hardware to 
program our line of GAL devices. However many 
excellent third party suppliers provide software and 
hardware which fully support the SGS-THOMSON 
GAL devices as well as other PLD devices. 


Most current vendors of PLD programming hard- 
ware and software support GAL devices. However, 
an upgrade of some programming hardware may 
be necessary to support GAL devices. Vendors and 
equipment model numbers which have been quali- 
fied on GAL devices are on file and may be 
obtained from SGS-THOMSON sales offices, a list- 
ing of which is provided at the back of this 
handbook. 


A list of potential hardware vendors and the qualifi- 
cation status of each is provided in the appendix 
of this chapter. As this list will undergo constant 
updates as additional vendors are added, it may 
be instructive for the user to contact the local 
SGS-THOMSON sales office to determine if a 
specific vendor’s hardware is qualified for program- 
ming GAL devices. S@S-THOMSON recommends 
that only qualified hardware be used to program 
GAL devices as this will ensure the 100% functional 
and programming yield of SGS-THOMSON GAL 
devices. 


Software Tools 


The availability of user-friendly and functional soft- 
ware tools is the main contribution to the tremen- 
dous upsurge in the usage of PLD devices. In the 
early 70’s PLD’s had a difficult time being accepted 
by systems and board designers due to the lack 
of good programming software. At that time it was 
necessary to load each individual fuse location into 
the devices, after extensive analysis of the design 
requirements. As this was a slow, cumbersome 
process requiring the designer to learn the architec- 
ture of many different devices in addition to the fact 
that logic errors could not be automatically identi- 
fied, the acceptance of PLD’s into mainstream 
system design was quite limited. 


The late 70’s saw the development of assembler 
software by various PLD vendors in order to help 
the sales of these devices. The most popular of 
these assemblers is PALASM”*, from Monolithic 
Memories, which is today in the public domain and 
therefore not covered by software copyrights. This 
assembler allows inputs only as Boolean equations, 
has a difficult command structure, allows equations 
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only in a sum-of-products format, works on PAL 
devices only and has no intelligence i.e. unable to 
do logic minimization or identify specific device 
types which will or will not work with a given set 
of Boolean equations. 


Of course the alternative, manual fuse patterning 
of the device, was much worse so assemblers 
found wide market acceptance for PAL device 
programming. The most severe restriction of this 
type of approach was the inflexibility of the soft- 
ware to work on other vendors devices thus forc- 
ing designers to learn many different assemblers 
in order to have more than one device supplier to 
choose from. Fortunately for PLD manufactures 
and system designers a more generic software ap- 
proach was not far away. 


The development of compiler based software in the 
early 80’s was a response to the need for more 
flexibility and utility in development tools. The 
original packages were developed by third-party 
manufacturers, not device vendors, with the goal 
of supporting all device types and all manufac- 
turers. These original packages, CUPL“ by Assist- 
ed Technology (now Personal CAD Systems of Los 
Gatos, CA) and ABEL” from Data I/O Corp. (Red- 
mond, WA) had the capability of logic equation 
minimization, macros, truth table and state 
machine syntax and self-documentation (examples 
of the uses of these software packages are con- 
tained in this guide). 


The latest advance in the PLD development soft- 
ware technology has occured in the mid-’80s. 
These programs allow schematic capture using 
pre-programmed macros in the software which al- 
low a designer to simply create a logic schematic 
as the input to a translator. The translator converts 
the graphic representation to a network list that is 
then compiled to the fuse maps by the software 
tool. All the other functions of the software such 
as logic minimization are then available to stream- 
line the design before it is downloaded into a 
device. The most widely used of these tools are 
CAE-1 from Personal-CAD Systems (Los Gatos, 
CA) and DASH from FutureNet (Data I/O Corp., 
Redmond, WA). 


Hardware Tools 


The hardware used to program GAL devices (a 
list of qualified hardware vendors is availa- 
ble from SGS-THOMSON sales offices, listed 
at the back of this manual) can be divided roughly 
into two types; 1. the so-called ‘‘universal pro- 
grammers’ (in this case ‘‘universal’’ means with 
respect to PLD devices only, this termino- 
logy should not be confused with the broader 
sense of “universal’’ programmers, meaning 
those that program EPROM memories or EPROM 
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arrays in microprocessors as well as PLD’s, 
although many of the programmers listed do pro- 
gram the above mentioned device families), and 
2. the ‘‘GAL only” type programmers. 


In the category of universal type programmers are 
those from Data I/O and Stag Microsystems as well 
as many others. These programmers support many 
different PLD devices, including ECL, CMOS 
EPROM, standard bipolar PALs and GAL EECMOS 
device types. These universal programmers also 
support many advanced functions such as test vec- 
tors, register preload and even chip handlers for 
automated handling in a production environment. 
The second type of programmers are the ‘GAL 
only’’ type programmers such as those from Qwerty 
and Programmable Logic Technologies. The 
Qwerty also supports test vectors and register 
preload for full functional testing of the GAL 
devices. The big advantage of the GAL only 
programmers is, of course, their low price which 
is from one-quarter to one-tenth as costly as the 
universal programmers. This makes them an ex- 
cellent low-cost development system for GAL 
devices. 


A further division can be made with respect to the 
operating mode of the programmers i.e. the “‘stand- 
alone’’ type units and those which require an IBM 
PC or equivalent to operate. 

Generally the stand-alone units can read a device, 
store the JEDEC file in a memory and download 
the information to a newly loaded device including 
test vectors such that a volume ‘‘program and test”’ 
operation is possible without having a PC attached 
to each programmer. 

Of course a connection to a peripheral such as a 
PC is still necessary to load a software developed 
JEDEC file into the programmer's memory. 


The type of tool chosen should reflect the enviro- 
ment it will be used in i.e. a GAL-only programmer 
could be considered in an operation where GAL 
only development or a small volume of production 
is occurring in a situation where a low-cost evalu- 
ation and programming of GALs is necessary. 
However in a large development lab where many 
types of PLD’s are being evaluated or a high 
volume production environment where automated 
handling of devices is necessary, a universal type 
programmer with chip handler may be more ap- 
propriate. A prime consideration should also be the 
necessary functions of the programmer as well. For 
example although SGS-THOMSON guarantees a 
100% programming yield on our devices, test vec- 
tor and register preload support capability is recom- 
mended for the designer to verify that the device 
is doing exactly what was planned. 


This is especially important in state machine 


design where bringing the outputs to a certain state 
simply by cycling the inputs can take an inordinate 
amount of time or may not even be possible. 
With register preload the outputs can be driven to 
a specific state (one which may not occur in nor- 
mal operation) and then next state operation can 
be checked to verify that the device returns to a 
normal, expected state. Where this can become an 
issue is after a power ‘‘glitch’’ in the system or af- 
ter a power outage when the GAL outputs may be 
driven to an unknown or illegal state. Then when 
the power to the device returns to normal the GAL 
outputs may be in one of these indeterminate 
states. 


Thus the concept of register pre-load allows the 
designer to test output conditions which may not 
normally occur but which the designer wishes to 
know anyway what the next state will be. 


The designer can then verify that the device will 
return to a known, normal state under any condi- 
tions in its next state. This is just one example of 
the utility of the register pre-load function. Apply- 
ing test vectors is simply the process of forcing 
specific inputs to the device and monitoring the out- 
puts to verify the correct logical functioning of the 
device. 


Programming the GAL is the process of providing 
it with the JEDEC file to perform a function and ap- 
plying the specific series of voltage pulses to ac- 
tually ‘‘burn’’ the JEDEC ‘‘fuse’’ map into the 
device. Also, if included in the JEDEC file, the 
programmer then applies the specific voltage 
pulses and looks at the outputs to run the test 
vector verification for functional testing of the 
device. 

“Support” by a hardware manufacturer refers to 
his ability to provide the correct voltages and tim- 
ing pulses and make the correct measurements on 
the outputs, if applicable, for the device. Given this 
the remainder of the process is merely download- 
ing the JEDEC file to the GAL. 


Downloading is the process of loading the JEDEC 
“fuse’’ map into the programmer. This “‘fuse’’ map 
can come from a pre-programmed device (i.e. 
master device), from a computer (a PC or main- 
frame with appropriate software to construct the 
JEDEC file from a number of logic or graphic en- 
try methods), or from an attached peripheral such 
as a tape drive. If the file is transferred in JEDEC 
format (which is recommended by SGS-THOMSON), 
a checksum is calculated and verified at the end 
of data transmission to ehsure that data was not 
lost or corrupted during transfer. Most program- 
mers require a simple keystroke or pushbutton to 
put the hardware into the download mode. 
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The programming of the GAL is controlled by the 
programming hardware and therefore to ensure 
complete reliability of the SGS-THOMSON-GAL 
device SGS-THOMSON recommends that only ap- 
proved programmers be used to program GAL 
devices. A list of qualified vendors is available from 
SGS-THOMSON upon request. 


Since the GAL device is fabricated using an EEC- 
MOS technology it is erasable and reprogramma- 
ble. In fact the first step in the programming 
process is a bulk erase of the device. The actual 
number of program and erase cycles the device 
will tolerate is guaranteed by SGS-THOMSON to 
be at least 100. We have seen devices in our lab, 
however, which have thousands of cycles on them 
and still continue to function. 

The ultimate test is a successful verification of the 
device which occurs automatically after program- 
ming. If no errors occur during the verify cycle the 
part is programmed and usable no matter how 
many program-erase cycles it has been through. 


The patterning of the GAL device array is done us- 
ing a parallel programming scheme. This allows the 
device to be programmed very fast and in fact is 
less than a second on most programming hard- 
ware. This is up to an order of magnitude faster 
than devices using the UV-CMOS approach. Dur- 
ing this programming cycle, the logic array, the ar- 
chitecture matrix programming and the verify cycle 
are executed. The verify cycle checks programming 
and margins conservatively such that a minimum 
data retention of 20 years is ensured. 


Finally the GAL device has a security cell which 
is programmable and erasable (but it can only be 
erased during a bulk erase when the entire array 
will also be erased). This prevents a “‘read’”’ and 
therefore does not allow re-verification of the 
device. 

This feature is provided to protect proprietary de- 
signs from competitive eyes. The fact that the secu- 
rity cell is erasable (simultaneously with the rest 
of the device) allowing the device to be reused, is 
a unique cost saving feature of EECMOS tech- 
nology. 


THE DESIGN PROCESS 


By choosing generic, compiler-based software 
generic hardware and generic silicon (such as GAL 
devices), the biggest decision in the design process 
have already been made. The choice of the ap- 
propriate programmable logic device has tradition- 
ally been a difficult first step in starting a design, 
since with bipolar PLDs, you must guess which one 
of the dozens of architectures has the right com- 
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bination of outputs, I/Os and registers. 


If your choice is wrong, you must guess again. The 
SGS-THOMSON GAL concept simplifies the ap- 
proach, requiring that you merely count the num- 
ber of inputs and outputs, then select a 
speed/power option. The development software au- 
tomatically and dynamically allocates the inputs, 
I/Os, register, and so on. 


The following design example is to implement the 
functions AND plus XNOR into a GAL16V8. The 
specific syntax is that of CUPL; however, other 
generic software (ABEL) has similar syntax and 
functions. In this cursory “‘walk-through’’, segments 
of code are presented as they would appear on the 
screen of a personal computer running CUPL soft- 
ware. The manufacturers of the software would, of 
course, be glad to provide a more comprehensive 
tutorial. 

Once the software knows which device will be used, 
fields are provided for optional information, such 
as company name, design description, etc. 


Tutorial Using a GAL16V8 
Source File (401.PLD) 


PARTNO YOO; 

NAME XX1; 

REV 1 

DATE 8/3/87; 
DESIGNER Alberto; 
COMPANY SGS-THOMSON; 


ASSEMBLY _ n/a; 
LOCATION n/a 


The device pinout and pin labels need to be speci- 
fied next. Use names that are convenient for you 
to reference, since the software doesn’t care what 
you call a pin, as long as you are consistent: 


/* inputs */ 
pin [1,2] =[A, !B]; 


/* outputs */ 
pin [18,19] =[Y, !Z]; 


It’s a good idea to specify pin names in a format 
that is consistent with the actual pin state. In the 
above pin definitions, signals A,B and Y are active- 
high, while Z is active-low. We have choosen to in- 
dicate active-low data signals by prefixing the labels 
with exclamation points in the definition statement. 
The use of an active-high variation of these signals 
in subsequent design statements will automatically 
be resolved by the software compiler. 


Entry of the logic functions is next. Traditionally, this 
entry is in the form of Boolean equations. Current 
revisions of development software allow truthtable, 
state-machine and schematic-entry formats, as well. 
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Here, the traditional equation-entry format is used 
to create an AND function on Y (pin 18) and an XOR 
function on Z (pin 19). Since Z has been defined 
as an active-low signal, however, we will acutally 
end up with XNOR on pin 19: 


/* logic equations */ 
Y=A &B; 
Z=!A&B # A & !B; 


The operators used in the CUPL language are 
for invert, ‘‘&’’ for the AND function and ‘#”’ for 
the OR function. The equations are written exac- 
tly as needed. All of the inversions for active-low 
inputs and outputs will be automatically resolved, 
a routine procedure for compiler software. Although 
these are simple equations, if they had been com- 
plex ones that needed automatic reduction to a spe- 
cific number of product terms for a given PLD, the 
software would have performed that reduction, as 
well. 


Next, the CUPL compiler needs to be invoked to 
process the ‘‘source’’ file, the text and equations 
provided above. 


For the compiler to run one of its “‘modules”’ it must 
be told the target device type (““G16V8”’ in the 
example), source file name (‘'401’’), and whatever 
additional functions the user would have it perform, 
through the use of flags (‘‘-jkfxs’’) that are passed 
at compile time. 

The compile directive would typically appear as 
follows: 


CUPL -jlfxs G16V8 401 


CUPL Version 2.10B1 Copyright (c) 
1983,84,85 Assisted Technology, Inc. 


cuplx 
time: 3 secs 


caps 


cupla 
time: 19 secs 


cuplb 
time: 7 secs 


cuplm 
time: 4 secs 


cuplc 
time: 15 secs 


csima 
time: 24 secs 


total time: 72 secs 


Some of the more recently announced PLD sup- 
port products such as the Personal Silicon Foun- 
dry software available from DATA I/O use a very 


friendly menu concept that saves defaults, elimi- 
nating the need to use flags. 

The CUPL compiler produces a report, called a do- 
cumentation file, part of which is presented here 
for reference. The purpose of the file is to provide 
a hard-copy documentation of the final (reduced) 
equations, the cell map or ‘‘fuse plot’’ and a chip- 
pinout diagram, if desidered: 


Device G16V8s Library DLIB-d-55-8 


Created Mon Aug 3 06:30:10 1987 
Expanded Product Terms 
Y=>A8&B 
Z=>!IA&B # !IA&!B 
Symbol Table 
Pin Variable Pterms Max 
Pol Name Pin Used Pterms 
A 1 - - 
B 2 - - 
Y 18 1 8 
| Z 19 2 8 
Fuse Plot 


Syn 2192 - ACO 2198 x 
Pin #19 2048 Pol x 2120 Act x 


0000 
0032 
0064 
0096 
0128 
0160 
0192 
0224 


cms a ae ee ca a ee ata 
XXXXXXXXXXXXXXXXXXXKXXXXXXXKXXXXXX 
XXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXKXXKXXKXXKXKXKXKXKXKXXXX 
XXXXXXXXXXXXXXXKXXXKXKXKXKXXXXKXXXXKXXX 
XXXXXXXXXXXKXXKXXXXXXKXXXXXKXXXKXXKXXK 
XXXKXXXXXXXKXXXKXXXXXXXXXXXKXXXXKXXXX 


Pin #18 2049 Pol - 2121 Aci x 

0256  XeXt ttt teres esses scsssncss 
0288 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0320 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0352 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0384 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0416 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0448 XxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0480 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


(continued.....) 


Legend x : fuse not blown 
- : fuse blown 
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THE DESIGN PROCESS (Cont'd) 


Chip Diagram 


RKKKKKKKKKEK RKKKKKKKKKEK 


* x k * 
KKK kkKKK 
Ao ol 20 * vcc 
kkk kkek 
kkk kkk * 
By Fo 2 19 * !2 
kkk Kk KK 
* * 
kkRX kk kk 
x 3 18 * Y 
kkeK* kee 
* * 
kkk kkKK 
x 4 17 * 
kk KK Kk 
* * 
KKK KKK 
* 5 16 * 
kkk kkk 
* * 
Kk KaAKK 
* 6 15 * 
xk Kk RK 
* * 
kkk kkk 
* 7 14 * 
kkAKK kkk 
* * 
kK KKK 
x 8 13 * 
KKK KKK 
x x 
kkk kKRKK 
x 9 12 * 
kkk KKK 
* * 
kkk KKK 
GND* 10 11 * 
kkk kk KK 
k * 


KKEKKEKEKKRKEKEKKKEKEKRKEKKEKKKKKKKEEK 


JEDEC, a standards organization with represen- 
tatives from major semiconductor companies on iits 
committes, has approved a standard for the inter- 
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* QP20 

* QF2194 

* GO 

* FO 

* L0000 10014141141141414971111111111111111111 
* L0032 011014411111114141414111111141111111 
* L0256 010111414111111111111111111111111 
* L2048 01000000000000000000000000000000 
*L2112 000000000011111141111111111111111 
*L2144 1144171914141414119199911111111111111111 
*L2176 1411411111111111110 

*C14D6 


Test vectors, which indicate the stimulus and re- 
sponse for a PLD, serve primarily to validate the 
functionality of a desing source file. The CUPL com- 
piler thus simulates the source file on paper so that, 
hopefully, only properly functioning patterns are 
ever programmed into a PLD for system debug. In 
our basic gates example, the source file for the si- 
mulator routine provides the expected data: 


/* The Order Statement specifies the layout of 
the function vector table. 


%n = n spaces inserted between variables. */ 
order : A,B,%1,Y,%1,!Z; 


vectors: 
/* AB Y Z */ 


00 L X /* test AND gate */ 


X 
X 
H /* test XNOR gate */ 
L 
L 
H 


The simulator processes the validation data, given 
above, compares it with that in the source file (using 
the original equations), to produce the following 
partial output: 


Simulation Results 


change of PLD data. The JEDEC file is usedasthe 9001: OOLN 
medium of transfer from the development compu- 9002: O1LN 
ter environment to that of the hardware device pro- 9003: 10LN 
grammer. Included in the file are control bits that 9004: 11HN 
determine the status of security cell or fuses, test 9005: OO NH 
vectors, and data-transmission checksums. 0006: ONL 
A portion of the JEDEC file for our example isre- 9007: 10 NL 
produced here: 0008: 11NH 
Ky7, SES THOMSON 
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INTRODUCTION TO GAL APPLICATIONS 


The main advantage of the SGS-THOMSON GAL 
family is its high degree of freedom in the field of 
logic design. 


With the SGS-THOMSON GAL family, the system 
designer is allowed to replace existing program- 
mable logic; moreover he can use powerful logic 
compilers to optimize the design of new products. 
In this section five simple applications are discus- 
sed, they are: (see table) 


Each application example is presented as a GAL 
design, complete with the required logic function 
and the actual GAL device logic implementation. 


The GAL design specification and the actual CUPL 
and ABEL outputs for the programmer make the 
examples complete enough to serve as guides for 
those designers who are using SGS-THOMSON 
GALs in their own systems. 


£97, Srteoenoreones 
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BASIC GATES 


As a beginning example, the implementation of the 
basic gates: AND, OR, NAND, NOR, XOR, and 
XNOR (figure 1) ina GAL16V8 is shown. Since 12 
inputs and 6 output are needed (figure 2), 2 Out- 
put Logic Macrocells (OLMCs) must be configured 
as dedicated inputs and 6 as dedicated combina- 
tional outputs. Programming software automatically 
handles this task. Active-high or low outputs are 
no problem either, because of the programmable 
polarity feature of the GAL16V8. 

The program has been compiled using both CUPL 
and ABEL. Both programs need two files: the logic 
design input file (figures 3 and 11 respectively) and 
simulation file (figure 4 and 11). 

For the design input file an equation must be writ- 
ten for each output, and pin assignments must be 
made. The simulation file contains ‘‘vectors’’ that 
test the functionality of the device. GAL devices are 
completely tested at the factory and post program- 
ming yields are guaranteed to be 100%; therefore, 
device testing is unnecessary. However since test 
vectors are useful for design verification, they are 
included here. 


USING CUPL 


A JEDEC file with test vectors is shown in figure 
6. Because of the GAL device’s fuse map compati- 
bility with PAL devices, JEDEC files can be copied 
directly from PAL device applications into GAL 
devices. As shown in figure 7, 8 and 9, CUPL soft- 
ware will produce a documentation file which con- 
sists of: 


- Expanded product terms (figure 7) 
- Symbol table (figure 8) 


- Chip diagram (figure 9) 
The CUPL fuse plot is shown in figure 10 


USING ABEL 


ABEL software will produce a document genera- 
tor file which consists of: 


- Reduced equations (figure 12) 


- Chip diagram (figure 13) 
- Chip usage (figure 14) 
- Test vectors (figure 15) 


The JEDEC file, with test vectors and fuse map, 
is shown in figure 16. 


GAL DEVICE APPLICATIONS 


Figure 1. Basic Logic Gates 


Y =1@J = (led) + (led) 


Z=K@L = (KeL) +(KeL) 


Figure 2. GAL16V8 Basic Gates Pinout 


° N 
If, aril bed tk A 
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Figure 3. CUPL Design Input File 


102 


Name GATES; 
Partno 00001; 
Date 29/06/87; 


Revision O1; 

Designer ALBERTO; 

Company SGS-THOMSON Microelectronics 
Assembly PC AT; 

Location PLZN1; 


FORMAT JEDEC; 

DIO OOOO OO ORO OOK OK KKK RK / 
[* * / 
/* BASIC GATES : INPUT FILE * / 
/* * / 
DRO OOK AK CK KK KCK KK KK AK OK / 
/* Allowable Target Device Types: G16V8 * / 


ACK KAKI KKK KK / 


/** Inputs *x/ 


Pin [19,1] = [A,B] : /* INPUTS AND * / 
Pin [2,3] = [C,D] ; /* INPUTS OR * / 
Pin b4,5) = £E;F] : /* INPUTS NAND * / 
Pin [6,7] = [G,H] : /* INPUTS NOR * / 
Pin [8,9] = [I,J] ; /* INPUTS XOR x / 
Pin [11,12] = [K,L] : /* INPUTS XNOR * / 


/** Outputs *x/ 


Pin 18 = U : /* OUTPUT AND * / 
Pin 17 = V ; /* OUTPUT OR * / 
Pin 16 = W ; /* OUTPUT NAND * / 
Pin 15 = X ; /* OUTPUT NOR * / 
Pin 14 = Y ; /* OUTPUT XOR x / 
Pin 13 = Z : /* OUTPUT XNOR * / 


/**x Declarations and Intermediate Variable Definitions *x/ 


/** Logic Equations *x/ 


U=A&B : /* AND */ 
V = .C # D : /x OR */ 
W= !(E & F) ; /* NAN D */ 
X = !(G # H) : /* NOR * / 
YS 2s 4 : /* X OR * / 
Z= !(K $ L) ; /[* X NOR * / 


KI, Siteonnerones 
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Figure 4. CUPL Simulation File 


CSIM Version 2.11b Serial# 5-00001-154 
Copyright (C) 1983,1986 Personal CAD Systems, Inc. 
CREATED Fri Sep 18 17:15:04 1987 


LISTING FOR SIMULATION FILE: GATES.si 


1: Name GATES; 

2: Partno 00001; 

3: Revision 01; 

4: Date 29/06/87; 

5: Designer ALBERTO; 

6: Company SGS-THOMSON Microelectronics 

7: Location PLZN1; 

8: Assembly PC AT; 

9: Format JEDEC; 

102 GRC OR OOO OCC ORK AGK / 
11: /* */ 
12: /* BASIC GATES ‘ SIMULATION FILE */ 
13: /* * / 
14. COCO OOOO IO KAO OK KK KK KK / 
15: /* Target Devices: G1i6V8 * / 


16: DECC GO OOO GOO IEA OKI KK KK / 


1&8 : 
i$: Order: A,B,%2,U,%3,C,D,%2,V,%3,E,F,%2,W,%3,G,H,%2,X, 
%3,1,5,%2,Y,%5,K,L,%2,Z2; 


20% 
21° 
Simulation Results 
N x 
A A N x N 
N Go N O O CO 
AB OD CD OR EF )D GH R iw R KL eR 
0001: 00 L oO L OO H OO H oo UL 0O )U6UH 
0002: 10 L 16 H 10 & TO. <E GO U+#H TO? -L 
0003: O1 ke 01 H 1 01 L 01 H r L 
0004: 1 H 11 H 1 is +4 i 11 L 11 H 


ST it iat 
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Figure 5. CUPL JEDEC File 


CUPL 2.116 Serial# 5-00001-154 
Device gi6v8s Library DLIB-f-23-8 
Created Fri Sep 18 17:42:10 1987 
Name GATES 

Partno 00001 

Revision 01 

Date 29/06/87 

Designer ALBERTO 

Company SGS-THOMSON Microelectronics 
Assembly PC AT 

Location PLZN1 

*QP20 

*QF2194 

*GO 

*FO 


*LO256 11077707117 7777171111111111111111171 
*XLO512 O771777771777771171111111111111111 
KLO544 1171077117777717771171771777111111 
*LO768 1114111111011101111111111111111111 
KL1024 1414141771417117771101111111171111111 
KL1O56 111174711111111111111011111111111 
KL1280 17177777777777717111171111011171011 
*KLIS72 1111717111111111111111111101101174 
KL1SS36 17117471111171711111111111711111107101 
*L1568 411111111111711111111111111011110 
*L2048 01100100000000000000000000CCO000G 
KL2112 00000000100000011111111111111111 
KL2144 FATT TTATTTT TTT TTT TTT t1tiitii 
*KL2176 111111111111111110 

*G2FO02 

*BC18 


LY7. Srenotusonestnes 
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Figure 6. CUPL JEDEC File with Test Vectors 


CUPL 2.11b Serial# 5-00001-154 
Device gi6v8s Library DLIB-f-23-8 

Created Fri Sep 18 17:07:25 1987 
Name GATES 

Partno 00001 

Revision 01 

Date 29/06/87 

Designer ALBERTO 

Company SGS-THOMSON Microelectronics 

Assembly PC AT 

Location PLZN1 

*QP20 

*QF2194 

XQV4 

*GO 

*FO 

*LO256 11041101111111111111111111111174 

KLOSTS OFF eT aa asa 

KLOQO544 71477017797 7717111111111111111411111 

KLOTOS TT a 4 POT FOV 4 a 9 at] 

AL1024 F11117777779777107717777914177111 

RIT OSS Ast aa at Ba EA PEO a 
eteSO) LTE Ue a a a 4 404 

LPS Tae 0 EA aa 4 29 OF 10 44 

ELGG OO LET bat bia ie oa te Py od Ot 204 
BOOGIE A eae ee Pa ae edo k PO 141 440 

*L2048 017001000000CO0000000000000000000 

*L2112 O0000000010000001111771474114711111 

KL2144 PATTVTT TT tttitttaittdiidiitiii1t 

KL2UI6. 14 1a ee 

*C2FO02 

*P 12345 67693 1011121314 15 16 17 «18 

*V0001 OQOOOOO0000NOOHLHHLLON 

KVOCO2L 01010101CN1O0LHLHHLIN 

*KVOOCS *7071010101N01LHLHHLON 

*VOOO04 {1777177171 N77HLLLHHIN 

*DFOO 


AY7, Siteoreomoncs 


13-20 
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Figure 7. CUPL Expanded Product Terms 


HHH KK KK KR KKK KK KK KKK KKK KK KKK OK KK KR KKK KK KKK KK KK KK KK OR OK KK OK OK KKK KK OK OK KK 


GATES 
KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KK KKK KK KKK KK KKK KKK KKK AK KKK KKK KKK 


CUPL 2.11b Serial# 5-00001-154 
Device gi6v8s Library DLIB-f-23-8 
Created Fri Sep 18 17:07:24 1987 
Name GATES 

Partno 00001 

Revision 01 

Date 29/06/87 

Designer ALBERTO 

Company SGS-THOMSON Microelectronics 
Assembly PC AT 

Location PLZN1 


ee ee ee ee ee 
ae ec ceme nee emt) aes a ee ees em ee ee mm me erm mee re me ee tee cree meme cme ee cee ee ce ee ce me ee ee ee cee wee ee re ee em me ec ee ee ee ee ee eee ee ee ee ee eee ee ee oe 


eee ete eres meme me eee meet mee ere ee mmm ne ee ee ee ee ee eee ee ee we we ee eee ee ee mee we es we ee 
ee ee ee ee wee ee ee ee ee ee ee ee ees eee es wee ee ee es ree ee ee ee ee were ree es ee ee re en ee ee ee ee ee ee es ee ee me ee cee we ee ee ee ee ee ee ee ee ee ee ee ee 


U =? 
A&B 
V => 
Cc 
# D 
W => 
E& F 
X => 
G 
# H 
: a2: 
I & !J 
# !T & J 
2: 
K & IL 
¥# IK &L 


KS, ee eres 
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Figure 8. CUPL Symbol Table 


mm mm cm mere mm re meme ce nee ee es re me ee es em rr ee ee mew we ew me ee se ee we ee ee ee ee ee ee ee ee ee es a 
ee ee ee ee em cm ee rm ee we re we ee ee eee re ee eee wee ce wee ee ee ee ee we ee we we wee eee wm ce me mee ee ee re ee ee ee ee ee ee we ee we es ee oe 


Pin Variable Pterms Max Min 

Pol Name Ext Pin Type Used Pterms Level 
A 19 V - ae = 
B | V - - = 
Cc 2 V S = = 
D 3 V = = = 
E 4 V - = = 
F 5 V - - - 
G 6 V - - - 
H 7 V - - 7 
I 8 V — — = 
J g V = - - 
K 11 V * = = 
i 12 V = 7 = 
U 13 V 1 8 1 
V 17 V 2 8 1 
W 16 V 1 8 i 
x 15 V 2 8 rf 
¥ i4 V 2 8 1 
Z 13 V 2 8 1 

LEGEND F field D : default variable M : extended node 

N node I : intermediate variable T : function 
V Variable X : extended variable Uo: undefined 
IT] SGS-THOMSON 
4, MICROELECTROMICS 
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Figure 9. CUPL Chip Diagram 
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GND 


ORK KKK FOO KK KK 
re x x 
*ACKK KKK 
x 1 20 * 
*KAK KACKK 
x GATES x 
OK KOK KK 
x 2 19 x 
KK KKK 
x * 
*KKK KKK 
* 3 18 
OK ACK KK 
x *K 
KKK KKK 
x 4 17 x 
*KKK AK 
* * 
KKK KKK 
* 5 16 x 
KKK KK 
* * 
KCK KKK 
*x 6 15 x 
KK KK 
x * 
KKK KOK 
x 7 14 * 
KKK KK 
* 
KKK KKK 
* 8 13 x 
KOK KKK 
* * 
KKK KK 
*x 9 12 x 
KKK KKK 
r r 
KKK KKK 
* 10 11 * 
*KAK *KAK 
x * 


2K KK KK KKK KKK KKK OK KOK KKK KKK KKK 


kY/. 


SGS-THOMSON 
MICROELECTRONICS 
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Figure 10. CUPL Fuse Plot 


Syn 


Pin #19 


0000 
0032 
0064 
0096 
0128 
0160 
0192 
0224 


Pin #18 


0256 
0288 
0320 
0352 
0384 
0416 
0448 
0480 


Pin #17 


Pin #16 


0768 
0800 
0832 
0864 
0896 
0928 
0960 
0992 


2192 - AcO 2193 x 

2048 Pol x 2120 Aci - 
XXXXXXXXXKXKXXXKXXXKXKXKXXKXXKKKXKXKXKXKKXKX 
XXXXXXXXKXXKXXKXKKXKXXKXXKXKKXKKXKXKXKKKXKKK 
XXXXXXXXXXXXKXXKXXKXKXXKXXKKXKXKXKXKKXKXKKX 
XXXXKXXKXKXKXKXXKXKXKKXKKKKKKKKKKKKKKKKX 
XXXXXXXXXKXXKXKXXKXKXKXXKXKXKXKXKXKKXKXKXKXKXXKM 
XXXXXKXKXKXXKKKKXKKKKKKKXKKKXKKXKK KKK 
XXXKKXXXKXXKXKXKXXKXKXKXKXKXKXKXKXKXKXKXKXKKXKXKXKKX 
XXXXKXXKKXXKXXKXKKXKXKXKKXKXKXKXKXKXKKKXKKKKXKK 
2049 Pol - 2121 =Aci x 


XXXXXKXKXXXKXXXKXXKXXKXKXKKXXKKXKKKKXKXKX 
XXKXXKXKXKXKXXXKXKXXKXKXXXKXKXKX KKK KKK KXKKKX 
XKXXXXXXXXXKXXXKXKXXXXKXKXKXKXXXXKXXKXKKX 
XKKXKXKKKXKXKXKKXXKXKXAKAKKKKXKXKKKKXKKKKK 
XXKXKXXXXXKXXKXKXKXKXKXKXKXKXKXKXKXKXKKRKXKXKXKXK KKK 
XKKKXXKXKXKXKKXKXXKXKXKXKXKKXKXKXKKXAKXKXKKXKXKKKX 
XXXXKKXXXXKXKXXXKXXKXXKXKXXKXKXKXKXXKXKXKXKKXX 
2050 Pol - 2122 Ac1 x 


XXXXXXKXKXXKXXKXKXKXKRKXXKXKXXKX KK XX KKK KKK 
KXXXKXKKXXXKXKXKXKXKXKXXKXKKXKXKXXKXKXKXKXKRXX 
XXXKXKXXXKXXXXKXKXKKXXKRKXKXKXXKXKXXKXKXX KK KKK 
XKXXMXKKKRXKXXKXKXKKXKXKXKXKXKXKX KKK KKXXKKX 
XXXXXXKXXKXKXKKXXXXKXKXKKXKXKXXKXKXXKXXKXKKKX 
XXXXXXKXXKKXKKXKXAKXKKKKXXKXKKXXXKKXKXKXRKKX 
2051 Pol x 2123 Aci x 


XKXXKKKKXKKXKKXKKXKXKKKXKKXKKXKXKXKXKXKXKKXKX 
XKXKXKXKXKKKKKKKKKKXKKKKKXKKKXKRKXKXKKKK 
KKXKXKKXKKKKXKKXKKKKKKKXKKXKXKKXKKKXKKKKXKK 
XKXKKKXKKKXKKKKKXKXKXKKXKKXKXKKKKXKKXKXKKXKAKK 
XXXXXXXKXXKXKXKXXKXXXXKXKXKXXXXXXXXXXXX 
XXKXKXKXKXKXKXKXKKKKXKXKXKKKKKXKKXKXKKRKXKKKK 
KXKXKXKKXKXKKXKKXKXKKKKKXKKXKXKKXKKKXKKK 


kY/. 


Pin #1 


Pin #1 
1280 


1504 
Pin #1 
1536 


Pin #1 
1792 
1824 
1856 
1888 
1920 
1952 
1984 
2016 


LEGEND 


§ 2052 Pol x 2124 Aci x 

ome ee ee ce ee ee ee ee ee ee ee ee » : Coin ienienietieniee innate 
ce me ree ec es es ee ee ee ee ee ee ee ee es oe Krerrecsr rrr 
XXXXXXKXKXKXKXXKXKXKXKXAKAKKXKXKKXKXKXKXKXKXKXKXKK 


XXXKXXXXKXKXAXKXKXKKKKXKXKKAK KKK KKK KKKKKK 
XXMXXMKXKXKXKXKKKXXKXKKKKXKKKX KKK KKK KKK KK 
XXXKXKXKKKKXXKAKKXKXKKKXKK KKK KKK KKKKKX 
XX XXX XK KK KKK KKK XK KKK KKK KKK AK K KKK 
XKXXKXK XX KAKA KKK KKAKKKKKKKXKKKX KK KKK 
4 2053 Pol - 2125 Aci x 


KKKXKKKKRKKXKKKKKKXKXKXKXKKKXKXKXKKKXKXKKX 
XXXKXKKKXKXKKRKXKKXKRKRXKXKXKRAKAKKRKKXKXKKXKXXKKK 
MKKXKXKXKXXKXKKXKKKKKKKKKKXKKKKKXKXKAKKKA 
RAKKKXKXKKKKKXXKXKXKKXKXKXKKKKKKXKXKKKKKKK 
XKKAKKXKKKXKXKKKXARKRKKKKXKKKKAKKKKKKKKXK 
XXXXXXXXXKXKKKKXKXKXKKRKRKXKKKKKKK KKK HK 
3 2054 Pol x 2126 Aci x 


MX KXKKKXKKXKKXKXKXKXKXKKKXKXKXKXKXKXKXKXKKXKXKXKXKXX 
XRKKKKKKKKXKXXKXKKKXXXKKKKXKXKXKAKKAKKKAKKA 
MXXXKXKKKKXKKKXKKKKRKXKKXKXKKXKKXKKKKKKM 
KMKKXKXKKXXKXKKKKKKKXKKKKKKX KKK KKK KKKX 
XXXXXXXXXXXXXXAXXKXXXKXKXKXXKXKKXKXKXKKK 
XXXXXKKXXXXKXKKXKXKKXKKXKKKKXKXKKAXKKKKXX 
2 2055 Pol x 2127 Aci - 

RRXXKKKKKXAKKRKKKKKXXXKKKXKXKXKXKRKARXKX 
XXKXXKXKXKXXKKXKXKXXKKXKXKXKXKXXKXXKXKXXXKKXXKX 
AKXKKKKKXKKXKXXKXKXKXKKRKRKXKKKKKXKKKKAKKRAKK 
XKXKXKXKKKKKKKXKXKKKRKXKXKXKXAAKKAKXKXKXKRRK 
MK KKKKKKKKXKKKXKKKKKKXKXKKKRXKKKKKKK 
XKXKXKXXXXKXKXKXXKXKXKXKXKKXKKXKXRKKXKXKKKXKXKAX 
KXKKXKXKXKXKKXKKXXKKKKXRKXKKXKXKKXXKKKKXKKXKAKXK 
KKKXKXKXKXKKXKKXKXXKKKKKKKKKXKXXKXKXXKXKKKKX 


X : fuse not blown 
- : fuse blown 


SGS-THOMSON 
MICROELECTRONICS 
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Figure 11. ABEL Input File and Simulation File 


module BASGATE 
title ’ Basic Gates example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 


" device declaration 


" location keyword device code 


U 


001 


device 'P16V8S’; 


" pin declaration 


" inputs 
A,B,C,D,E,F pin 19,1,2,3,4,53 
G,H,1I,J,K,L pin 6,7,8,9,11,12; 
" outputs 
U,V,W,X,Y,Z pin 13,14,15,16,17,18; 
equations 
Z=A & B; " And Gate 
IX =E & F; " Nand Gate 
Y= cC # D; " Or Gate 
IWw= G # H; " Nor Gate 
V=I1S$ d; " Exclusive Or Gate 
U=K!S L; " Exclusive Nor Gate 
test_vectors ‘Test And Gate’ 
( [A,B] -> @ ) 
[0,0] -> 0; 
[0,1] -> 0; 
[1,0] -> 0; 
(1,2). => 13 
test_vectors ‘Test Nand Gate’ 
( (E,F] -> X ) 
[0,0] -> 1; 
[0,1] <-> 1; 
[1,0] => 17 
[1,1] -> 0; 
test_vectors ‘Test Or Gate’ 
( [C,D}] -> ¥ ) 
[0,0] -> 0; 
[0,1] -> 1; 
[1,0] -> 1; 
[1,1] -> 1; 
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Figure 11. ABEL Input File and Simulation File (Cont’d) 


test_vectors ‘Test Nor Gate’ 
( (G,H] -> W ) 


[0,0] -> 1; 
[0,1] -> 0; 
[1,0] -> 0; 
ee a es 7 


test_vectors ‘Test Exclusive Or Gate’ 
( (I,d] -> Vv ) 


[0,0] -> 0; 
[0,1] -> 1; 
[1,0] -> 1; 


{1,1] -> 0; 


test_vectors ‘Test Exclusive Nor Gate’ 


[0,0] -> ; 
[0,1] -> ; 
[1,0] -> 0; 
Pi asa 


end BASGATE 


ABEL(tm) Version 2.10a - Document Generator 
Basic Gates example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module BASGATE 


Device UOO1 


- Reduced Equations: 
Z = (A & B); 

= !(E & F); 

= (C # D); 

!(G # H); 


=(!1&T7#1& !J); 


qa <2 K & 
lI 


= (!K & !L # K & L)? 


O77 = N 
7. ee 
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Figure 13. Chip Diagram 


ABEL(tm) Version 2.10a - Document Generator 
Basic Gates example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Chip diagram for Module BASGATE 


Device UOO1 


P16V8S 
ee oe ee oe oe oe \ | een 

\ 7 
B 1 20 Vcc 
Cc 2 19 A 
D 3 18 Z 
E 4 17 XY 
F 5 16 x 
G 6 15 W 
H 7 14 V 
I 8 13 U 
J ss) 12 L 

GND 10 11 K 
Lyf, BeRortneneones 
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Figure 14. Chip Usage 


ABEL(tm) Version 2.10a° - Document Generator 
Basic Gates example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
for Module BASGATE 


Device UOOl 


Device Type: P16V8sS Terms Used: 10 out of 64 
Terms 
Pin # | Name | Used | Max | Term Type | Pin Type 
1 B == == === Input 
2 Cc ad —— <= Input 
3 D == i === Input 
4 E == aa a Input 
5 F — == — Input 
6 G as == = Input 
7 H == = === Input 
8 I aa == = Input 
9 J == -- === Input 
10 GND -- -- -—= GND 
11 K SS == === Input 
12 L fe) 8 Normal I/o 
13 U 2 8 Normal I/O 
14 V 2 8 Normal I/O 
15 W 2 8 Normal Output 
16 Xx 1 8 Normal Output 
17 ¥. 2 8 Normal I/O 
18 Z 1 8 Normal I/O 
19 A 0 8 Normal I/O 
20 Vcc —— == == vcc 


ISA SGS-THOMSON 
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Figure 15. Test Vectors 


ABEL(tm) Version 2.10a - Document Generator 
Basic Gates example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Test Vectors for Module BASGATE 


Device UOOl1 


Test And Gate 


[O--- ---- ---- ---- --0-] -> [---- ---- -ne5 reno HL] 


[Osmo sascietae! Sa5= S515) ek paens eeor ee Seee Lae): 


1 
2 [leno cen con ---- --0-] -> [--n- -nn- -nn- ---- -L--]i 
3 
4 


[L-n= mene cena mene med] n> [nce sane neon cane -He-]; 


Test Nand Gate 


5 [---0 0--- ---- ---- ---- ] -> [nore ---- ---- --- H ----]; 
6 [---0 1--- ---- ---- ---- ] -> [roe- ---- ---- --- H ----]; 
7 [---1 0--- ---- ---- ---- ] -> [rcc- con ---- --- H ----]; 
8 [=--1 1--- ---- ---- ---- ] -> [rere ---- ---- --- L ----]; 


9 [-00- ---- ---- ---- ---- ] -> [roe cnn- wa-- ---- L---]; 
10 [-01- ---- ---- ---- ---- ] -> [---- ---- ---- ---- H---]; 
11 (-10- ---- ---- ---- ---- ] -> [-c-- ---- ---- ---- H---]; 
12 (-ll- ---- ---- ---- ---- ] -> [rree cone ---- ---- H---]; 


13 [---- -00- ---- ---- ---- ] -> (-or- ---- ---- --H- ----]; 
14 [---- -01- ---- ---- ---- ] -> [rere -on- coe --L- ----]; 
15 [---- -10- ---- ---- ---- ] -> [rorc cone cnn --L- ----]; 
16 [---- -l1- ---- ---- ---- ] -> [reer crn nnn -HL- ----]; 


17 [---- --- 0 0--- ---- ---- ] -> [reece cone ---- -L-- ----]; 
18 [---- --- 0 1--- ---- ---- ] -> [--o- ---- ---- -H-- ----]; 
19 [---- --- 1 O--- ---- ---- ] -> [-ce- ---- ---- -H-- ----]; 
20 [---- --- 1 1--- ---- ---- ] -> [roor corr cne- -L-- ----]; 


21 (cccr wm 00- eS] ==+= jo SS eres Sees SSee Hes—..+=<= le 
22 [c-ec~ ere 01, ==> === ] =>. [ass= Sse ees L--- ---- ]? 
23 [---- oo 10 ---- ---~ J] -> [cows cern oo L--- ---- 1]? 
24. == S=.==S> = Li saes SoH S Se (aes SS Ses ==> === ; 


end of module BASGATE 


Lf, Brean ternanes 
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Figure 16. JEDEC File with Test Vectors 


ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. JEDEC file for: P16V8S 
Created on: 20-Jul-87 01:51 PM 
Basic Gates example 

By Derrick Tuten 13 July 1987 

SGS-THOMSON Microelectronics 
QP20* QF2194* 
LOOOO 
00000000000000000000000000000000 
00DDDDDNDNDNNNNNNONNNNNNNNNNNNNNNNN 
0dDdDNDDNNNNNNNNONNNNNNNNNNNNNNNNNN 
0d0D0D000D0NN0NNNNNNNNN0NNNNN0NNNNNNN 
0DDDDNDNDNNDNNDNNNNNNONNNNNNNNNNNNNNN 
0ODDDDDDDNNDNDNDDNDDNDNDNDNNNDNNNN0NN0N0N 
00000000000000000000000000000000 
ODDDDDDNDNNDNDNNNNDNNDNDNNNN0N0NN0N00000N0 
11011101111111111111111111111111 
000DDDNDNDNNNNNNNNNNDNNNNNNNN0N000000 
000DNDNNNNNNNNNNNNNNNNVONNNNNNNNNN 
0dDDDDNDNNNNNNNNNNNNNNNNNNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
000000000 N0DNNNDNN0N0NNNNNN0N0N0N0N0N0N0000 
01111111111111111111111111111111 
111101211111111111111111111111111 
00D0DDDNDNDNDNNDNNNNDONDDNNQNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
ODDDDDNDDNDNDDNNDNDNNDNNNNNNNN0NN0N0NN0N0NNN 
00000000000000000000000000000000 
111121111011101111111111111111111 
oo0d0dD0DDNNNNNNNNNNNNNONNNNNNNONNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
ODDDDNDDDNDNDNNNDNNNDNNNNNNNNNNN0N00N000 
00000000000000000000000000000000 
0ODDDNNNDNNNNNNNNNNNNNNNNNNNNNNNNN 
11111111111111110111111111111111 
11111111111111111111011111111111 
000000000000 00000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000 NDNNDNDNNDNNN0NNNNNNNN0NNN0N0N0N0N0 
d0DDDNDDNDNNNNDNNNDNNNNNONNNNNNNNNNNNN 
0DDDDNDNDNDDNDNDNNNNDNNNDNDNNNNNNNNNNN 
11111111111111111111111110110111 
11111111111111111111111101111011 
ODDDDNDDNDNNNNNNDNNNNDNDNNNNNNNNNNN0NN 
00000000000000000000000000000000 
O0DDDDDDDNDNNNDNNNNNDNNNNNNNNN0NN00N0N 
ODDDDNDNNDNNNNNNNNNNNNNNNNNNNNNNNN 
odDNDNDDINNN NN NNN ON NNNNNNNNNNNNONNVNONON 


7, eae ence 
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Figure 16. JEDEC File with Test Vectors (Cont’d) 


‘okerezelerererelerelerererererererererererererererenererelerene) 
11122111111111111111111111101110 
12221111111111131111111111111011101 
okelerererererererererererererererererererererenerererererelere) 
0DDDDDNDDNDNDNDNNDNNDNNNNDNNN0N0N0N00000N0 
00000000000000000000000000000000 
00000000000000000000000000000000 
0000000000000 0000000000000000000 
00000000000000000000000000000000 
oD0D0DDNDNDNDNDNNNNNNNNNNNNNNNNNNNNNNN 
0DDDDDDNDNNNNDNNNNNNNNNNNNNNNNN00N0N 
0DDD0D0DDDDDDNDDNDNDNNNDNNNNNNNNNNNNNNN 
CDDDDNDNNONNDNNNNNNNNNONNONNNNNNNNNN 
OD0DDDDDNDDDNNNNNNNNNN0N000N000N00000 
opovezerereperonererererererererererererererererererererererene) 
O0ODDDDNDNDNDNNNNDNNNNNDNNONNDNNONNNNNNNN 
ODDDNDNNDNNNDNNNNNNNNNONNONNNNNNON0N0* 
L2048 

01100110* 

L2056 
oXoLoorererererelererererererererererererererererererererererenerererererenenereererererererelerererenenepeerererererereselen. 
L2120 

1* 

L2121 

QO* 

L2122 

O* 

L2123 

Ox 

L2124 

O* 

L2125 

Ox 

L2126 

Ox 

L2127 

1* 

L2128 
111121121213111111111111111111111121111111111111111111111111111111111* 
L2192 

10* 

N Test And Gate* 

VOOO1l OXXXXXXXXNXXXXNNXLON* 
VOOOQ2 1LXXXXXXXXNXXXXNNXLON* 
V0O003 OXXXXXXXXNXXXXNNXLIN* 
V0OOO04 1XXXXXXXXNXXXXNNXH1N* 

N Test Nand Gate* 

VOOO5 XXXOOXXXXNXXXXNHXXXN* 
VOOO6 XXXO1XXXXNXXXXNHXXXN* 
VOOO7 XXXLOXXXXNXXXXNHXXXN* 
VOOO8 XXX11XXXXNXXXXNLXXXN* 

N Test Or Gate* 

VOOO9 XOOXXXXXXNXXXXNNLXXN* 
VOO1O XOLXXXXXXNXXXXNNHXXN* 
VOO11L X1OXXXXXXNXXXXNNHXXN* 
VOO12 X11 XXXXXXNXXXXNNHXXN* 


SGS-THOMSON 
TZ. MICROELECTROMICS 
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Figure 16. JEDEC File with Test Vectors (Cont’d) 


N Test Nor Gate* 

VO0O13 XXXXXOOXXNXXXXHNXXXN* 
VOO1l4 XXXXXO1LXXNXXXXLNXXXN* 
VOO15 XXXXX1LOXXNXXXXLNXXXN* 
VOO16 XXXXX1L1XXNXXXXLNXXXN* 
N Test Exclusive Or Gate* 
VOOL7 XXXXXXXOONXXXLNNXXXN* 
VOO1L8 XXXXXXXO1NXXXHNNXXXN* 
VOO19 XXXXXXXLONXXXHNNXXXN* 
VOO20 XXXXXXX1LINXXXLNNXXXN* 
N Test Exclusive Nor Gate* 
V0O0O21 XXXXXXXXXNOOHXNNXXXN* 
VOO22 XXXXXXXXXNO1LLXNNXXXN* 
V0O023 XXXXXXXXXN1LOLXNNXXXN* 
VOO24 XXXXXXXXXN11IHXNNXXXN*¥ 
C2F42* 

DOEA 


ky7, S&S;THOMSON 
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In the Basic Gates application on the preceding 
pages, each ‘‘gate’”’ was directly connected to an 
output pin. Here, the output registers of the 
GAL16V8 are used. A simple RS latch, a T (Tog- 
gle) flip-flop, a D flip-flop, and JK flip-flop are in- 
corporated into a GAL16V8 (figure 1). Each is 
shown with its truth table and defining equations 
in figures 2 to 5. Note that all 3 flip-flops have syn- 
chronous preset (PR) and clear (CLR) inputs, while 
the RS latch does not. Also, the RS latch is not con- 
nected to the clock input; this was done to show 
the versatility of the GAL16V8; with a GAL device, 
the user is not locked into a specific architecture. 


Design input file and simulation file both for CUPL 
and ABEL are constructed in a manner similar to 
the Basic Gates example. Each output must be 
given a distinct name, and any clocked circuit must 
be denoted with an appropriate extension (D) in the 
logic equations. The simulation file is again provid- 
ed for design verification. 


This example has some subtle requirements that 
may not be apparent to the first time user. When 
the RS latch is not being tested, it must remain in 
its latched state with output levels specified, or with 
the variable N (not tested) in their place. Also, when 
executing a preset or clear, remember that it will 
affect all flip-flops; even those not being tested will 
still respond. 


Finally, all output levels should be specified or 
marked with the variable N; the variable X, which 
indicates a ‘‘don’t care’”’ condition, will not suffice. 
The device was programmed using both CUPL and 
ABEL. 


Figure 2. RS Latch 


Q Qy.1=S+(ReQy) 


Q Ques =R+(S*Qy) 


Figure 1. Basic Flip-Flops Pinout 


ISA SGS-THOMSON 


MICROELECTRONICS 
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Figure 3. T Flip-Flop 


Qn +1 PR+ (CLReT*Q,,) + (CLReTeQ,) 


Qy,,=CLA+(PReT*Q,,) + (PReT*Q,) 


Figure 4. D Flip-Flop 


Invalid 


eae Preset 
.1=PR+(CLReD) 


+1 =CLR +(PReD) 


Figure 5. JK Flip-Flop 


Invalid 
Preset 


+1=PR + (CLReKeQ,) + (CLReJeO,) 


Qn, 1= CLR + (PReJ°Q,) + (PReKeQ,,) 


STA SGS-THOMSON 
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USING CUPL USING ABEL 


The JEDEC file for this particular application is | The document generator file is shown in figures 15 
shown in figure 8 and 9. Allthe elements of the do- through 18. 

cumentation file are shown in figures 10, 11 and 12. The JEDEC file with fuse map and test vectors is 
The CUPL ‘‘fuse’’ plot is shown in figure 13. shown in figure 19. 


Figure 6. CUPL Input File 


. Name FLIPFLOP; 
Partno 00001; . 
Date 21/05/87; 


Revision O1% 

Designer ALBERTO; 

Company SGS-THOMSON Microelectronics 
Assembly PC AT; 


Location PLZN1; 

FORMAT JEDEC; 

DRCOG OOO OOO OOO OO OOOO OK OK aK K / 
/* */ 
/* BASIC FLIPFLOP i INPUT FILE * / 
/* * / 
DCR COO OO ORO OO OR OG ORIG RK ORK KK / 
/* Aijiowable Target Device Types: Gi6V8 *x / 


[DRG ICICI KK ACK KK aK KKK KK KK / 


/** Inputs *x/ 


Pin [2,3] = [S,R] : /* INPUT FLIPFLOP S- * / 
Pin 5 =T ; /* INPUT FLIPFLOP T * / 
Pin & =D : /* INPUT FLIPFLOP D * / 
Pin be eelt = ifdiekd : /* INPUT FLIPFLOP J-K * / 
Pin [4,9] = {PR,CLRj : /* PRESET AND RESET * / 
Pin Cto44 = LCLK OE : /* CLOCK AND OUTPUT ENABLE * / 
/** Gutputs **/ 

Pin [13,:8] = (QST,GSCj ; /k OUTPUT FLIPFLOP S-R */ 
Pitti (CAg¢ +65 -= LelssGrG.- 3 /* OUTPUT FLIPFLOP T *x / 
Pim. £5,444] = PODTsG0CG; 3 /* OUTPUT FLIPFLOP D * / 
Pin L13,124 = past yQuC] 2 /* OUTPUT FLIPFLOP J-K * / 


/** Declarations and Intermediate Variable Definitions *x/ 


[JK Logic Equations *x/ 


OST 28S 4 {R & OST): 3 

QSC = IR # (S & QSC) : 
QTT.«D- = PR # CICER & 17 & QTT) # (1CLR & T &@ OTC) : 
QTS.0 = CLR # (IPR & !T & QTC) # (IPR & T & QTT) ; 
QST.D = PR # (!CLR & D) ; 
GhC LD “Sa VCER ee CLG !PR) : 
OUT: SPR AChOLR ec ee Pence #) € 2CLR: oS, BOIS)“: 
QJC.B = CLR # (!PR & !J & QUC) # (IPR & K & QUT) ; 
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Figure 7. CUPL Simulation File 


CSIM Version 2.11b Serial# 5-00001-154 
Copyright (C) 1983,1986 Personal CAD Systems, Inc. 
CREATED Fri Sep 18 17:58:21 1987 


LISTING FOR SIMULATION FILE: FLIPFLOP.si 


1: Name FLIPFLOP; 

2: Partno 00001; 

3: Revision ans 

4: Date 21/05/87; 

5: Designer ALBERTO; 

6: Company SGS-THOMSON Microelectronics 

7: Location PLZN1; 

6: Assembly PC AT; 

GS: Format JEDEC; 

HOMME SESS TST ST TCS CCST CCST SSeS StS TSS TTT STTCSSSSSSSSCSSSCOSSSSOSS SS SSS V/ 
Ti: /* * / 
12: /* BASIC FLIPFLOP : SIMULATION FILE * / 
13: /* * / 
1420 RK KKK KKK KR KOR RR OKOKOK ROKK OKO OK AR OK OK CK ROOK KOK ROKR KOK KK RK OK KOK / 
15: /x Target Devices: Gié6V8 * / 


167 GROG OKO ORK OOK AC OR IC OO IC OK OK KOO OK IK RK KA KK / 


13: 

19: Order: GE,%3,CLK,%35,5,R,%2,QST,%2,QSTC,%3,PR,%3,CLR,%3,71,%2, 

20 TT e62s0T Cs %550D5 2,001 5423 0DC, B2 ya s Kye sO 52 QC: 

21 

Simuiation Results 
OE CLK SR QSTQSC PR CLR T QTTQTC OB QDTQBC JK QJTQUC 

0501 4 x 10 wc dH x x ~A N N X N N KK WN WN 
O0CG2: X X 01 H OL x Xx xX N WN X N N XK WN ON 
0003: X xX 114 mou x A xX N ON KX N N XX N WN 
O0OG4: xX x OO H &H X X X N N X WNW N XX NN 
0005: X x 11 HOA ye X m. oN: GN X N N XX N N 
OOO6: O e 11 N ON ‘ 0 xX AL x H I XX HL 
0007: O Cc 11 NON ) @) r ae | X N N XX NN 
0008: O oC 11 N ON 0 0 1 oR. xX N | XX NN 
0009: O C 17 N ON e) G O H L XxX N N XK NN 
0010: 4 # 11 N N ¢) fe) > ny Snes X 2 Z XX Z Z 
00% % U C 11 NN 9 1 A wo &B KoA. SAE GI oc 
O0i2: GO C 11 re U 0 AR ow oN r HL KX N N 
00713: O Cc 11 o Ha 0 C xX NON 0 Le mM nrK N Wr 
0014: O C 11 HOO o o xX NN G uo A RX N WN 
0015: 0 G 11 N WN 0 1 > Smee SR | K Ln 0G c H 
0016: 0 C Ti Ow oN 9) c xX NN X N N 10 Hee 
0017: O c 11 NON 0 ) X N N XM OND SNe ae 4 
00% 0 Cc 41 N ON e) 0 xX N N ~A N N ie ROO 
0019: 36 C 11 N N G 0 X N N X N N OG A oiL 


LY7, BeSotacmsies 
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Figure 8. JEDEC File 


CUPL 2.11b Serial# 5-00001-154 

Device gi6v8ms Library DLIB-f-23-9 

Created Fri Sep 18 17:57:36 1987 

Name FLIPFLOP 

Partno 00001 

Revision 0% 

Date 21/05/87 

Designer ALBERTO 

Company SGS-THOMSON Microelectronics 

Assembly PC AT 

Location PLZNi 

*QP20 

*QF2194 

*GO 

*FO 

KLOOOO 174747441411771171711171%4 

*LOO32 TERE TEC EC ECE LE 1 

*LO064 171070117777711777171 

*LO256 117711771777771177177771 

*KXLO2Z88 1717707777777 777171773 

*LO320 O 

*LO5i2 7 

*LO544 1 
| 
1 
I 
i 


wk eh 


11 

1 

i 

1 

1 

i 

1 

1 

*LO576 1 
*LO768 1 
*LO800 1 
*KLO8B32 1 
*KL1024 1 1 
*L1056 PETTEETPCESTCEET Tere 
ti 

1 

1 

1 

G 

i 

1 

4 

re) 

i 

11 


a a a a 


KL1280 44477971777177117117117 
KL1312 11111111101117111101711 
*L1536°1111711107771177771171 
AL1568 17177111711711117111111771 
AL1600 17114117777717717777777101 
KL1792 1711771777777 77177177171 

4 

‘ 


wk hk ek ek 
tah a GD ee Der ee Se ee ne ed 


—s 
ah ok 


*KL1824 11171111717011171111 
KL1856 141111111710111111111 
*KLZ048 117117111000000000000 
*L2112 000000001 10000001111 
AL2744 411171111771711777117111 
*L2176 117171141117117711101 
*xCB5DAA 

*18A7 


“a tt O 4 O -! OE ab ab a ws ek kk ak sk sk 


Cs: 
oe io 


BASIC FLIP-FLOP 


Figure 9. JEDEC File with Test Vectors 
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CUPL 2.11b Serial# 5-00001-154 
Device g16v8ms Library DLIB-fT-23-9 
Created Fri Sep 18 17:57:36 1987 
Name FLIPFLOP 

Partno 00001 

Revision on 

Date 21/05/87 

Designer ALBERTO 
Company SGS-THOMSON Microelectronics 
Assembly PC AT 

Location PLZN1 

*xQP20 

XQF2194 

KQVIY 

*QO 

*xFO 

KLOOOO TIT Ti tad pitttt7ttdiatititiitid1ii 
RLOOSS (OTT TTT tt ati iitidtiiiidiii 
*4LO0G64 11OlOrt bist titi tttidi1titi17147474 
KLOZ56 tiitiitdtttdttii7iiiti141171117% 
KALOZ38d 11741410777717777717777777777717:5111 
KLOS2ZO O1777710717777177471717171171117171717174% 
KLOSI2 (1rd tit aaaaalttiii 
*LO544 171141171771141107101111111711111171071 
KLOSTS TAVITA OiGiiitiitass tiie 
KLOTOO 7494777777777 771111711111111160171 
4L06GO 114777171711611100117177111711717111111 
£EG6S2 8 tit Pp eOU IGT Tt Peden iw rae 
KL1024 PVD VIOUWT TTT iat 
KL1056 4137417117177717171011117111171710713 
*L1280 4477747191719791171771174477117110111 
Mae ea ba ae BO de Pek PO eb debe ed 
i000 TITPINTIOL GIs hada bet haa eh bs 
MSO. cats, oO hae Io oe ee ea oO 
KLi6GO Pitt tttiitititGitiii71711c0% 
RTT SL: VPP VAD bt he ee eT eb be 
Kv1i824 Titi Gittt47441711011111171101 
KL1G56 FUT DIOTiTttititit7tiO1o1iiit 
*L2048 11117111711000000000G0G000006500006 
ALZIV12 GO00000G1100000017111717117111117111 
RLO’t4se TTT i tert edt aaa tidtiidi 
ELZ27975 Viti 717777761 

ACSDAA 

*4P 123456783939 16 11°12 13 14 «15 16 «17~«186=«19~«20 
XVOGO1 X1IGKKAXAKANKNNANNNNALI 

KVOCO2 KOLXXKXKXNANNNAWINLAN 

RVOGGOS Ki TAXKAXXNXANNNNNLAN 

*VGOO04 KOOXXXXXANANNNNNNHHN 

*VOOGS Ki1XXXXXXNXNNNNNNHHN 

AVOOO0OG6 C111 KXXXONGLALALANNN 

KVOOOT Cit Gi AKKROINONNNNHLNNN 

4AVO00G C1IODLAXKXGNONNNNLANNN 

*VOGOR3 C11 00XXXONONNNNLHNNN 

AVGOIO CiTOKKARAONIZZZZZZNNN 

KVOGI1 CTTOXXKKINGALALALNNS 

KVO012 C11TOX1KKONONNCANNGDAN 

*¥VGG1S C11 GXOXXONONNALNNAHN 

aVOO14 C1 TOKOGKKGNONNALNNHHN 

XVO015 C1710XX00iNOHLHLHLNNN 

AVOOGI6 C1 10XX i GONGLCANNNNNNN 

XVOO1T7 C11GXX010NOHALNNNNNNN 

*VGO018 C110XX11ONGLHNNNNNNN 

*xVO019 C11CXXOGONOLHNNNNNNN 

*xAA3G 


A sere 
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Figure 10. CUPL Expanded Product Terms 


FCIAC ACCIACCA RACK AGOGO GO KOKORO IO KK 


FLIPFLOP 
FOCI KICK KK KOKORO KKK KKK KKK KKK 


CUPL 2.11b Serial# 5-00001-154 
Device gi6v8ms Library DLIB-f-23-9 
Created Fri Sep 18 17:57:35 1987 
Name -FLIPFLOP 

Partno 00001 

Revision 01 

Date 21/05/87 

Designer ALBERTO 

Company SGS Microelettronica 
Assembly PC AT 

Location PLZN1 


cal aasticatitcnaliinenlinamdiemstimadtiamtiatiamditeantimatiantiantamliendtiamnttaatiamdtadimedtimalitedioasdticandiadio dictate ee eel eld neatidliediadliasn tin: Tinie cto aie dikes Tee ee 
ec eee ee ee cre crm cee cm me re ee ce ew we ee mee ee ee re ee ee re me re em me em em re ce ee ee ee we eee ee ee ee ee ee ee en ewe en ee ee ee ae a eae 


QDT.d => 
PR 
# ICLR & D 
QJT.d => 
PR 


# !ICLR & QUT & !K 
# QJC & !CLR & J 


QST => 
iS 
# QST & R 
QR xa - => 
PR 


# ICLR & QTT & !T 
# ICLR & QTC & T, 


SGS-THOMSON 
F.. MICROELECTRONICS 


124 


GAL DEVICE APPLICATIONS 


BASIC FLIP-FLOP 


Figure 11. Symbol Table 


Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
QDC 14 V - - 
QDC d 14 X 2 8 
CLK 1 V - = = 
QJC 12 V = = = 
QJC d 12 x 3 8 1 
CLR 9 V = = = 
QSC 18 V 2 7 1 
QTC 16 V 7 - - 
QTC d 16 xX 3 8 1 
QDT 15 V = - = 
QDT d j x c 8 1 
QUT 13 V = _ - 
Ut d 13 X 3 8 1 
OE 4 V a = - 
QST 13 V 2 7 1 
QTT 7 V = ms = 
QTT d 17 X 3 8 1 
PR 4 V - - - 
D 6 V - - = 
J 7 V os _ - 
K 8 V = = = 
R 3 V ~ = = 
3S 2c V = aad - 
ae 5 V = - - 
QSC oe 18 D 1 1 e) 
QST oe 19 D 1 1 8) 
LEGEND F : fieid D : default variable M : extended node 
N 2 node I : intermediate variabie T : Function 
Vo: variable X : extended variable U : undefined 
S77 SGS-THOMSON 
Jf, MICROELECTROMCS 
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Figure 12. Chip Diagram 


CLK 


PR 


CLR 


GND 
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KKKKKKKKKKK AK OK AK KOK KOK KK KK 
* * xX * 
* KKK AK KK 
x | 20 x 
KK KKK 
* FLIPFLOP * 
KKK XK KK KK 
* 2 19 x 
*K KX KK KK 
* * 
KKK KKK 
x 3 18 x 
XK KX 2K OK KK 
* * 
* KKK * KKK 
x 4 17 x 
OK KK KKK 
x * 
* KKK KK KK 
*x 5 16 * 
KK KX KK KX 
* * 
KK KK KK KX 
x 6 15 x 
* KKK KK KK 
* * 
KK KX KK KX 
*x 7 14 x 
KKK KK KK 
* * 
* KKK KKK 
x 8 13 x 
AKKX * KKK 
* * 
K AOK OK KK KK 
*x 9 12 x 
KK KK KK KK 
* * 
* KK X *K KKK 
* 10 11 x 
7K OK KK KK KOK 
* * 


JK KOK 2K A OK OK OK OR KOK OK KOK KOK KOK KKK KKK 


SGS-THOMSON 
MICROELECTRONICS 
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QST 


QSC 


QTT 


QTC 


QDT 


QDC 


QUT 


QJC 
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Figure 13. Fuse Plot 


Syn 2192 ~» AcG 2133 - 

Pin #19 2048 Poi - 2120 Aci - Pin #15 2052 Pol - 2124 Aci x 
G000 ---~-~------~----~- -------~------ 1024 -------- Koco a ctor an een eee -e 
0032 -x-~---------------~------------~-- 1056 ---------------- X------------ X-- 


0064 -—X— KX mmr rrr ee rrr en ee 
OO95 XXXXXXXXXXXXAKKAKKAKKXAKKKKXKKKKKK 
0128 XXXKKXXXKKKXXXKKKXAXXKKXKAAAAAKAAKKA 
O160 XXXXXXXKXXXKXXXXXKXAAKKKXKXKAAKKKARKKXK 
0192 XXXXXXKKXXXXXXKXXKXAKXKKKAXRKAKXKAAKA 
0224 KXXXXXXXXXXXKXXXXXKXKXKXXKXXXKXKXXKXKKKK 


Pin #18 2049 Pol - 2121 Aci - 

0256 ~------------------------------- 
0288 ----- Xn nner ere eon +H -- 
0320 x----- Xoo 222-222 ------------ 


O352 XXXXKXXKXXKXXXKKAAKXKKAKAKKXKKKKKXKK 
0384 XXXXXXXXXXXXXXXXXXXXXXXKXKXKAKAKKK 
O416 KXXXKKKXXXXKXKKKXKKXKAKKKAAKAKAKKKKK 
0448 XXXXXXXXXXXKXXXKXXXXXXXXXKXKXAXAKXKA 
0480 KKKXKAAKKKAKRKKXKKAKKKAKKKKKKKAKKKK 


Pin #17 2050 Pol - 2122 Aci x 

0512 --------~ Kr mtr errr 
0544 ---------- Xero Xt rex 
LOO Sea amo Keke se eae Aa 


0608 XXXXXXXXXXXXXXXXXXXXKXKXXXKXXKXKAXKX 
OG40 XKXXXXXXKKXXXXKKXKXXXKAKAXKXKAAKRKXKAKK 
O672 XXXXXXXXKXXXXXXXKKXKXXXKXXXXKXXKXKKA 
O7T04 XXKKXXXXKXXXXKXXXKXKXKKXXKXXKXKXKXKKKXKXKXKA 
O736 XXXXXXXXXXAKXXXKXKXXXKXKXXXKXKXKXKXKXKXKKXXK 


Pin #16 2051 Pol - 2123 Aci x 

Of08 Hse ss 47s see eee e eee Kea 
0800 Hah ]e4e= Kee SkXS SS SSeS aS 
0832 “as ease sr Xho he een 


O864 XXKXXXXKXXXXXXXXXXXKXKXXKXXKXKXXKXKXKAXKK 
O896 XXXXXXXXXXXXXXXXXXKXXXXKXKXKXKXKXKKXKXKXX 
0928 XXXXXXXXXXXXXXKXXXKXKKXKXKXKAKKKXAKXKXKX 
O960 XXXXXXXXXXXXXXXXXXXXXXKXXXXKXKXXXX 
QO992 XXXXXXXXKXXXXXXKXXXXXKXKXKKXKXKXKXXKKKXKM 


1088 XXXXKXXKKKKXAXKXXXKKXKARAKAKRKKKKAKAX 
1120 KXXXAXKXXXXXXXKXXRKXXKKKXKXKXKXKXKXKKRKXK 
1152 KAKKKKKXKKXXXKXXXKXXXKKKKXXKXKARKKXKKK 
1184 XXXXKXXAXXXXKXKXXXKXKKXKXKXKXKXKARKXKKXKKKK 
1216 XXXXXKKKKKAKRKKKXKAKKAAKAKAAKAKAAAK 
1248 XXKXXXKXAKXKRKKKXKXXXKKXKXKXXKXKXKKARARKAA 


Pin #14 2053 Pol - 2125 Aci « 
1220s eeSrsoea Sa SSeS See e Kae 
ioe ee oa Kear as area aa as 


1344 xXXXKXXXXXXXXXXKXXXAKXKXXXKXXKXKXKKAKAXK 
1376 XXXKXXKKKXXXKXKXXKKRKXKXKXKXKXXKKXXKXKXKKXKK 
1408 XXXXXXXXXXXXXXKXXKXKXAAAKAAAKRAKAAAK 
1440 XXXXXXKARKXXKXKKKKKXXXXKAKAAKKAKAKKAKR 
1472 XXXXXXXXXKKAKKKAKARKXXAAKAAAAAKKK 
1504 KXXXKKXKKKAARKRAKAKKKXKKXXKKXKXKXKXXKAKRA 


Pin #13 2054 Pol - 2125 Aci x 
OOO) eas BA ge eee Oe gO Pe gs 
1500. SSSR Seo tae Sera a XX7—X-— 
DOOD ea Se ee yaaa ora ae AA - 


1632 XXXXXXXXXAAKAKXXKXXKXXKXKXXXKKKXKXKKKKK 
1664 XXXXXXXKKKAAAKAKKKAKKAKAKRAAAAAKKA 
1696 XXXXXXXXXXXXXKXXXXXXXXKXKXKXKKXXXKXKXKX 
1728 XKXXXXXXKXKXXXXKKAKKAAAKKKKRKAAKAKAKK 
1760 XXXXXXXXXXXXXXXXXKXXKXXKXXKXAKARKRAAAN 


Pin #12 2055 Pol - 2127 Aci x 
es OS Sa pe reas aaa 
1O24, Soares Roa Ae Mra eae AP 
1620. Soar Mea a ee a, ee as 


1383 KKXXXKKKKRXXKKAKKKKAAAKAKARKKKKA 
1920 XXXXXXXXXXXXXXXXXKXKAKXKAKAKKKKAA 
19D KKKKKKKAKXKKKKXKKKARKAAKRKKKAAKKKKKM 
1984 XXxXXXXXXXXXXXAKXKXKKXXXXARAKKKKKAKK 
2O1G KXXKKKARRXKKKKARKKAKKKXKAAKKXKKAKKK 


LEGEND X : fuse not blown 


- 3; fuse blown 


SGS-THOMSON 
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BASIC FLIP-FLOP 


Figure 14. ABEL Input File and Simulation 


module 
title 


equations 
" RS flip-flop 
'S # 


rf 


FLIPFLOP 


Basic Flip-flop example 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 


device declaration 


location keyword 
device 


U002 


pin declaration 


RS latch 


S,R,QST,QSC 


JK flip-flop 


J,K,QIT,QIC 


T flip-flop 


T,QTT,QTC 


D flip-flop 


D,QDT,QDC 


Control 


CLK, PR, CLR, OE 


QST 
Qsc 


JK flip-flop 
PR # (J & QUC & !CLR) # (!K & QUT & !CLR); 
CLR # (!J & QJC & !PR) # (K & QUT & ! PR); 


QUT 
QJIC 


T flip-flop 


test_vectors 
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( 


pin 


pin 


pin 


pin 


pin 


device code 
‘P16V8R’; 


2,35 749,7187 


7,8,13,12; 


5,17,16; 


6,15,14; 


1,4,9, 


11; 


(R & QST); 
IR # (S & QSC); 


OTT := PR # (!CLR & !T & QTT) # (!ICLR & T & QTC); 
QTC := CLR # (!PR & !T & QTC) # (!PR & T & QTT); 
D flip-flop 
QDT := PR # (D & !CLR); 
QpCc := CLR # (!D & !PR); 

’Test RS latch’ 
[S,R] -> [QST,QSC] ) 
(0,1) > (1, 0]? 
f1,0) Saf 0, 1.°]8 
[1,1] -> [0,1]; 
[1,0] ~-> [0,1]; 
[0,1] > [{1, 0]; 
Pied eS: fay 5. 0-12 

AIT ecco 
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BASIC FLIP-FLOP 


Figure 14. ABEL Input File and Simulation (Cont’d) 


—- 
en O~ Om CR CHR Om CR OR Ba OD 


mera rs ese ese eseseoee 


1) 
HOA AHAHAOOOKnd Od 


~ ~ ~ & ~ & ~~ ~~ ~ ~ & 


-> [QUT 


~ 
Qy i ee | 
Oo 
[come Wi oem cee cee Bonen Ih oe Boon Bt eee Wt oe ae Bh ee Bh eee 
G4 ee 
iMxMxM~AOCHOOdHOd 
Q, oe 
OF a SS Or Or 
ro e 
WhysXx xX OOHAA OAH O 
| ae a, er 
ry & 

AA OOOCCOCOCOOCOCCO 
rs) 
W ~~ © wm we wa .»_ s&s me & 
ie 
eH One OOOCOCO0O0C OO 
- OU 
uAddddddddJD 
O ees es eyes to tye tts 
p 
Ow 
@ 
a 
yp 
4) 
@ 
p 


‘Test T flip-flop’ 
T i] 
X.] 
X. ] 
0] 
1 
0) 
1 
bp 


( [CLK,CLR, 
ron 
Cc. 
Cc. 
on 
Cc 
Cc 
c: 


-“- 
on Om Ome Om Cm Om Om 
Ce oe oe ce ee 0 ee ee oe | 


UO 
HOdHOOHO 


PR, 


test_vectors 


‘Test D flip-flop’ 


Dj] -> [QDT 


PR, 
’ X.] 
’ X. ] 
! 0 
’ 1] 
' 1] 
’ 0] 


0 
- 
0 
0 
0 
0 


( [CLK,CLR, 
ome 
Cu, 
Cu; 
Cc 
ope 
Cu, 


test_vectors 


end FLIPF 


w MICROELECTRONICS 


ISTA SGS-THOMSON 
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BASIC FLIP-FLOP 


Figure 15. Reduced Equations 


ABEL(tm) Version 2.10a - Document Generator 
Basic Flip-flop example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module FLIPFLOP 


Device U002 


- Reduced Equations: 
QsT = (!S # QST & R); 


Qsc 


('R # QSC & S); 


QIT := (PR # !CLR & J & QUC # !CLR & !K & QUT); 


QJC := (CLR # !J & !PR & QUC # K & !PR & QUT); 
QTT := (PR # !CLR & QTc & T # !CLR & QTT & !T); 


QTC := (CLR # !PR & QTC & !T # !PR & QTT & T); 


QDT := (PR # !CLR & D); 


QDC ;: 


(CLR # !D & ! PR); 


ky7, SGS-THOMSON 
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BASIC FLIP-FLOP 


Figure 16. Chip Diagram 


ABEL(tm) Version 2.10a - Document Generator 
Basic Flip-flop example 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 
Chip diagram for Module FLIPFLOP 


Device U002 


P16V8R 
ee ee ee \ ite 
\ / 
CLK 1 20 Vcc 
S 2 19 QST 
R 3 18 Qsc 
PR 4 17 QTT 
T 5 16 QTC 
D 6 15 QDT 
J 7 14 QDc 
K 8 13 QUT 
CLR 9 12 QTC 
GND | 10 11 OE 


. N 
ITT reel dacaidaenel aa; 
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BASIC FLIP-FLOP 


Figure 17. Chip Usage 


ABEL(tm) Version 2.10a - Document Generator 
Basic Flip-flop example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
for Module FLIPFLOP 


Device U002 


Device Type: P16V8R Terms Used: 22 out of 64 
Terms 
Pin # | Name | Used | Max | Term Type | Pin Type 

1 CLK = == --= Clock 
2 S aS mae === Input 
3 R == a == Input 
4 PR -- —= mies Input 
5 T -— -- -—- Input 
6 D -- -— --- Input 
7 J == == -—= Input 
8 K == = === Input 
9 CLR = as SSS Input 
10 GND == == = GND 
11 OE = = a= Enable 
12 QTC 3 8 Normal I/O 
13 QIT 3 8 Normal I/O 
14 QDC 2 8 Normal I/o 
15 QDT 2 8 Normal I/o 
16 QTC 3 8 Normal I/o 
Le QTT 3 8 Normal I/O 
18 QsCc 2 8 Normal I/o 
19 QST 2 8 Normal I/O 
20 Vcc -— -- -—— Vcc 


i SGS- MSON 
ie \/ A streets dN 
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BASIC FLIP-FLOP 


Figure 18. ABEL Test Vectors 


ABEL(tm) Version 2.10a - 


Basic Flip-flop example 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Test Vectors for Module FLIPFLOP 


Device U002 


Document Generator 


RS latch 

[-Ol- ---- ---- ---- ---- ] -> [erec cere cee- ---- -LH- 
[-10- ---- ---- ---- ---- ] -> [-e-- ---- ---- ---- -HL- 
[-ll- ---- ---- ---- ---- ] -> [rr-- wee --n- ---- -HL- 
[-10- ---- ---- ---- ---- ] -> [---- ---- ---- ---- -HL- 
[-O1- ---- ---- ---- ---- ] -> [ere -nn- ---- ---- -LH- 
[-l1- ---- ---- ---- ---- ] -> [coer cere sone co -LH- 
JK flip-flop 


[C--1 
[c--0 
[C--0 
[C--0 
[c--0 
[C--0 
[Cc--0 
[C--0 
[Cc--0 
[C--0 


T flip-flop 


[C--1 
[C--0 
[C--0 
[c--0 
[Cc--0 
[c--0 
[Cc--0 


D flip-flop 


[C--1 
[Cc--0 
[C--0 
[Cc--0 
[C--0 
[C--0 


=X 
—~XX 
ame O71: 
--00 
mail 
=—10 
--00 
sah bo 
=—10 
==<O2 


X--- 
X--= 
O--- 
1--- 
O-—— 
os= 
1--- 


Knew 
= ae 
-0Q-— 
-l|-- 
-l1-- 
-0O-- 


end of module FLIPFLOP 


--- ---- ---- ] -> [-ce- ---- ---L H--- ----] 
--- ---- ---- ] -> [-ce- ---- ---H L--- ----] 
--- ---- ---- ] -> [-cn- ---- ---H L--- ----] 
--- ---- ---- ] -> [-ce- ---- ---H L--- ----] 
--- ---- ---- ] -> [-cr- ---- ---L H--- ----] 
--- ---- ---- ] -> [-r-- ---- ---L H--- ----] 
--- ---- ---- ] -> [rcee ---- ---L H--- ----] 
-~-- ---- ---- ] -> [-eo- ---- ---H L--- ----] 
w-- ---- ---- ] -> [-ee- ---- ---L H--- ----] 
~-- ---- ---- ] -> [-ee- ---- ---H L--- ----] 
--- ---- ---- ] -> [rce- cen ---- ---L H---]; 
--- ---- ---- ] -> [none ---- ---- ---H L---] 
w-- ---- ---- ] -> [-ce- ---- ---- ---H L---] 
--- ---- ---- ] -> [-cn- ---- ---- ---L H---]; 
--- ---- ---- ] <-> [-ee- ---- ---- ---L H---]; 
--- ---- ---- ] -> [noc- ---- ---- ---H L---]; 
--- ---- ---- ] -> [roce con ---- ---L H---] 
--- ---- ---- ] -> [eee- ---- ---- -LH- ----] 
--- ---- ---- ] <-> [2--- ---- ---- -HL- ----] 
--- ---- ---- ] <-> [wore ---- ---- -HL- ----] 
--- ---- ---- ] -> [eco- ---- ---- -LH- ----] 
--- ---- ---- ] -> [rce- ccn- ---- -LH- ----] 
--- ---- ---- ] -> [rce- --H- ---- -HL- ----] 
ky7, SES oTnON Secs 
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Figure 19. JEDEC File with Test Vectors 


ABEL(tm) Version 2.10c FutureNet/Data-I0 Corp. JEDEC file for: P16V8R 
Created on: 20-Jul-87 01:59 PM 
Basic Flip-flop example 

By Derrick Tuten 13 July 1987 

SGS-THOMSON Microelectronics 
QP20* QF2194* 
L0000 
11111111111111111111111111111111 
10111111111111111111111111111111 
11010111111111111111111111111111 
0DDDDDNDNDNNNNNNNNDONNNNNNNNNNNNN0N 
O0DDDDDNDDNDNDNONDNNNNNNNNNONNONNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111111111111111111111111 
12111011111111111111111111111111 
01111101111111111111111111111111 
odd0D0gNNNNNNN NNN NNN NNNNNNNNNNNNNN 
o00DDDNDNNNNNNNNNNNNNNNNNNNNNNNN 
oDDDDNDNNNNNNNNNNNNNNNONNNNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111011111111111111111111111 
11111111111101011111111111111011 
11111111110110111111111111111011 
odDdDDN0N0NNNNN NNN NNN NNN NNNNNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
ODDDDDNDDNDNDNNDNDNDNNNONDNNNNNNNNNNN0NN 
00000000000000000000000000000000 
111311111111111111111111111110111 
11111111101110011111111111111111 
11111111100101111111111111111111 
O0DDDDNDNDNNNNNNNNNNDNNNNNNNNNNNNNN 
od0d00D0NDNNNN NNN NN NNN NONNNNNNNNNNNN 
00000000000000000000000000000000 
0DDDDDNDNDNDNDNNNDNNDNNONNNNNNN0NN0N0N000N0 
ODDDDDNDNDNNDNNDNNNNDNNNDNDNNN0NNN0NNN00N0N 
11111111011111111111111111111111 
11111111111111110111111111111011 
0DDDDDNNDNNNNNNNNNNNNNNNNNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 
OdDDDDDNDNDNDNDDNNDNNONNNNNNNNNNNNNNNNN 
0d0D0DDDDNDNDNDNNDNNNNNNNNNNNN0N00000000 
0DD0DDDNDDDNDNNNNNNNNNNNNDNNNNNNNNNNN 
112111111111111111111111111110111 
11111111101111111011111111111111 
0DDDDDNDDNDNDNNNDNNNNNNNNNNNNNNNNNNN 
ODDDDDDDDDDNDDNDNNDNNDNDNNNDNNNNNNNNN 
0d0OD0D0DDNDDDNDNDNNNNONNNNNNNNNNNNNNNNN 
00000000000000000000000000000000 
00000000000000000000000000000000 


£97, BS otttornones 
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Figure 19. ABEL Jedec File with Test Vectors (Cont’d) 


00D0DDDNDNDNDDNNNDNNNNNNNNNNNNNNNNNNN 
121111110112111111111111111111111 
11111111111111111111011111111001 
1211211111111111111111111110011011 
ODDDNDNDDNDNNDNNDNONNNNNNONONNNNNNN0NN 
0O0DD0DDDNDNDNDNDNDNNDNNNNNDNNNNNNNNNNN0N0N0N 
0DDDNDNDNDNNDNDNNNNNNNNNNNNNNNNNNNNNN 
od00D0DNDNDNN NNN NNN ON NNNNNNNNNNNNNN 
0NDDDDNDNDNNNNDNNNONNNNDNNNONNNNNNNNNNN 
11111111111111111111111111110111 
11111111101111111111101111111101 
11111111101111111111111101011111 
0dD0DDDDDNDNDNNNNNNNNNDN0N00000000000 
‘of ocozorerexererererelelerererererererererererenenenerenererere) 
ODDDDNDDNNNNNNNDONNNNNNNNNNNNN0N0NNN 
O0DDDDNDDNNNNNNNNVNNNNNNNNNNNNN00N0N0N0 
OODDDDDNNNNNNNVNNNNDNONNNNNNNNNN000* 
L2048 

11111111* 

L2056 

‘oko Tezoterelelererererererererererererererererenenenerererenerenenerenenerenenerenererererererererererenererenenenererenerere lek. 
L2120 

11000000* 

L2128 

ilies ip Wg es i He Res Dat CU Gp Weg) Uy ets Wa De a pa a Ke Mp Ha) Ce Ua Ke Gs Ha 1 ee es Ha Ws sla Ve He Ts Fs Vs Ca ep Up Os Ws gn OE 
L2192 

O1* 

N Test RS latch* 

VOOO1l XO1lLXXXXXXNXXXXXXXLHN* 
VOOO2 X1OXXXXXXNXXXXXXXHLN* 
VOO0O3 X11XXXXXXNXXXXXXXHLN* 
VOO004 X1OXXXXXXNXXXXXXXHLN* 
VOOO5 XOLXXXKXXNXXXXXXXLHN* 
VOOO6 X11XXXXXXNXXXXXXXLHN* 

N Test JK flip-flop* 

VO0OO07 CXX1XXXXONXLHXXXXXXN* 
VOOO8 CXXOXXXX1NXHLXXXXXXN* 
VOO0O09 CXXOXXOLONXHLXXXXXXN* 
V0010 CXXOXXOOONXKHLXXXXXXN* 
VOO11 CXXOXX110NXLHXXXXXXN* 
VO0O12 CXXOXX1LOONXLHXXXXXXN* 
V0013 CXXOXXOOONXLHXXXXXXN* 
VOO14 CXXOXX11ONXHLXXXXXXN* 
VOO15 CXXOXX1LOONXLHXXXXXXN* 
VOO16 CXXOXXO1LONXHLXXXXXXN* 

N Test T flip-flop* 

VOO17 CXX1LXXXXONXXXXXLHXXN* 
VOO18 CXXOXXXX1NXXXXXHLXXN* 
VOO19 CXXOOXXXONXXXXXHLXXN* 
VOO20 CXXOLXXXONXXXXXLHXXN* 
VOO21 CXXOOXXXONXXXXXLHXXN* 
VOO22 CXXO1LXXXONXXXXXHLXXN* 
V0O023 CXXOLXXXONXXXXXLHXXN* 

N Test D flip-flop* 

V0O024 CXX1LXXXXONXXXLHXXXXN* 
VO0O25 CXXOXXXX1NXXXHLXXXXN* 
V0026 CXXOXOXXONXXXHLXXXXN* 
VO0O27 CXXOX1XXONXXXLHXXXXN* 
VOO28 CXXOX1XXONXXXLHXXXXN* 
V0029 CXXOXOXXONXXXHLXXXXN* 
CSDAA* 

E61D 


£37, Beoetcrcines 
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QUAD 1:1 MULTIPLEXER 


A 20V8 Application Figure 2. Function Table 
Widely used in computer and data communications 
circuits, multiplexers route one of several input 
banks to an output, based on the condition of se- 
lect inputs. This particular version has 4 input 
banks, each 4-bits wide (figure 1); therefore, two 
select lines are required to choose 1 of 4 inputs, 
as shown in the functin table of figure 2. 
Possible applications for our multiplexer include 
bus selection in a multibus computer environment, 
or data manipulation in an arithmetic/logic circuit. 
With a total of 16 multiplexer inputs and two Se- 
lect inputs, this design is well suited for the 
GAL20V8. The Pin Connection choosen for this 
example is shown in figure 3; actual pin placement 
of the multiplexer outputs is not critical since the 
versatility of the GAL20V8 allows the designer to 
choose that combination of output pins that best 
suits the board layout. The device was program- 
med using both CUPL and ABEL. 


Figure 1. Block Diagram 


GAL20V8 


S- 10257 


Cour 


Aout 
B 

INPUTS OUT OUTPUTS 
Dour 


ee IST] Sue Oneon 


aNw 


GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 4. CUPL Design Input File 


Name QUADMUX ; 
Partno 00001; 
Date 30/06/87; 


Revision O01; 

Designer ALBERTO; 

Company SGS-THOMSON Microelectronics 
Assembly PC AT; 

Location PLZN1; 


FORMAT JEDEC; 
[CGI OK OOK CK IKK KK / 
/* * / 
/* QUAD 4;1 MULTIPLEXER « / 
/* */ 


[ICCC COICO OOK ICO OCI ICOR GORA KK KK aK KK / 


/* Allowable Target Device Types: G20V8 */- 


[AAA AA AA A A I I A A RR AC OK KKK OK / 


/** Inputs *x/ 


Pin Picea] = GAOG sod. 2 /* INPUTS MULTIPLEXER A * // 
Pin CoueGr = 7bOusod = /* INPUTS MULTIPLEXER B * / 
Pin: [9i«11,13] = [CO..3] /* INPUTS MULTIPLEXER C * / 
Pin aot = LD0s ed /* INPUTS MULTIPLEXER D x / 
Pin L22,23) = -£S0,Si} = /* MULTIPLEXER SELECT * / 
/**k Outputs *x/ 
Pin [24 o.b6) = TAB 6.3 : /* OUTPUTS MULTIPLEXER x / 
/*x Declarations and Intermediate Variable Definitions *x/ 
CAO = !S0 & !S1 ; /* CONTROL DATA O x/ 
CBi1 = SO & !Si ; /* CONTROL DATA i x / 
CC2 = !$0 & Si; /* CONTROL DATA 2 * / 
CD3 = S§0 & S11; /* CONTROL DATA 3 * / 


/** Logic Equations *x/ 


A = (CAO & AO) # (CBi & Ai) # (CC2 & A2) # (CD3 & AS) ; 
B = (CAO & BO) # (CBi & Bi) # (CC2 & B2) # (CD3 & B3) ; 
Cc = (CAO & CO) # (CBi & C1) # (CC2 & C2) # (CD3 & C3) ; 
D = (CAO & DO) # (CB1 & D1) # (CC2 & G2) # (CD3 & D3) ; 


Af, Beeouewones 


Tw 
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Figure 5. CUPL Simulation File 


CSIM Version 2.11b Serial# 5-00001-154 
Copyright (C) 1983,1986 Personal CAD Systems, Inc. 
CREATED Fri Sep i8 18:29:31 1987 


LISTING FOR SIMULATION FILE: QUADMUX.si 


1: Name QUADMLX ; 
2: Partno 00001; 
3: Revision O01; 
4: Date 30/06/87; 
5: Designer ALBERTO; 
6: Company SGS-THOMSON Microelectronics 
72. Location PLZN1; 
3: Assembiy PC AT; 
9: rormat JEDEC; ; 
HOME TTS TCL ESL SCC SSOSSSSCSSSSSSLSOSLS SO SSS LSCSSOSSeSSeoSeSSSSSSsessorss O 
eae A */ 
12: /* QUAD 4]%1 MULTIPLEXER * / 
13: /* * / 
14> _CROROROROR KRACK AKO AAC A ORK IO ACK KA KK KKK A KOK KK / 
15: /* Target Devices: G20V8 x / 
MOE LESS TSC SSS SOSSSSSSSSSeSSSSSSSSeeSSseses sess eCesse cesses rss eros sw 
18: 
192 Crdere SO\S 62225 A012 Ss 41s A, SS BO Oy S14 ees COs St C Se 

DO.255 41,05 


eee cre ee mete re me ee wee ee ee me ee se me me wm ee mw we eee ee ee we ee es ee we ee ee ee ee eee ewe ee ee ee 


0001: 00 1000 H 1000 H 10060 A 1000 A 
0002: 10 1000 iL 1600 L 1000 L 1000 L 
0003: O01 t900 L 7OCO L i000 L 10G0 v 
GOG4: 1 1000 L 1000 L 1000 L 1000 L 
6005: 00 10071 H 1001 =H 40071 d 10071 H 
0006: i 1OG4 L (OG%i L TOOT L 1601 L 
O007: Of i001 L 1001 L 1001 L 1007 L 
0008: 11 1001 H 1001 H 1001 H 1001 H 
O0G9: CO OGXXK L AiO1 A A101 A iAXKX Fi 
O5710: 10 OX1i X X1071 H X10i1 H 1X00 X 

ISTA SGS-THOMSON 

m MICROELECTRONICS 
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QUAD 1:1 MULTIPLEXER 


Figure 6. ABEL Input and Simulation File 


module QUAD4TO1 
title ’ Quad 4 to 1 Multiplexer 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 


" device declaration 


" location keyword device code 
U003 device “P20V8S’'; 


" pin declaration 
' inputs 
AO,A1,A2,A3 pin 


1,2,3,43 
BO,B1,B2,B3 pin 5,6,7,8; 
CO,C1,C2,C3 pin 9,10,11,13; 
DO,D1,D2,D3 pin 14,15,16,17; 
" outputs 
Aout, Bout pin 21,20; 
Cout, Dout pin 19,18; 
" control 
Sso,S1 pin 22,23; 
equations 
" A Multiplexer 
Aout = (!Sl1 & !S0 & AO) # (!S1 & SO & Al) # 
(S1 & !SO & A2) # (S1 & SO & A3); 


" B Multiplexer 


Bout = (!S1 & !SO & BO) # (!S1 & SO & Bl) # 
(Sl & !SO & B2) # (S1 & SO & B3) ; 
" C Multiplexer 
Cout = (!S1 & !SO & CO) # (!S1 & SO & C1) # 
(Sl & !SO0 & C2) # (S1 & SO & C3); 
" D Multiplexer 
Dout = (!S1 & !SO & DO) # (!S1 & SO & D1) # 
(S1 & !SO & D2) # (S1 & SO & D3); 
test_vectors ‘Test A Multiplexer’ 
( (Sl ,SO ,AO ,Al ,A2 ,A3 ] -> [ Aout] ) 
C9, 90,1,090,090, 0) -> [ 1 ji 
fOy Gg: dcp. Oh og de go Oey Oo ee oh) 
[1,90,090,090,1, 0 he ee: 1 ]; 
Pg den Oy 0 7 OF sy 1j-> [ 1 J; 
C9, 90,090,090, 0,14j -> ( 0 J; 
test_vectors ‘Test B Multiplexer’ 
( [S1 ,SO ,BO ,Bl1l ,B2 ,B3 ] -> [ Bout] ) 
[O0, 0, 1,090,090, 04 => [ 1 ]; 
[OG pd’ Oy». Ly 0 % 0} => [ 1 ]; 
C1l1,90,090,0,1, 07 -> [ 1 ]; 
Dd. cig Ae ig Ol pO og OY Ed > if 1 ]; 
(O0,90,090,090,0, cE eo I ) ]; 


. N 
Af, Sreoueeramnes 
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QUAD 1:1 MULTIPLEXER 


Figure 6. ABEL Input and Simulation File (Cont’d) 


test_vectors 
( (Sl 
( 


0 

[ 0 
i 
{ 1 
[ Oo 
test_vectors 
( [S1 

[ 0 
[ 0 
{ 1 
{ l 
[ O 


end QUAD4TO1 


Figure 7. ABEL Reduced Equations 


ABEL(tm) Version 2.10a 
Quad 4 to 1 Multiplexer 


‘Test C Multiplexer’ 


yoo 7CO Cl ;,C2: ,C3 ] 
, O,1,0,0, 0 J 
, tlt, O,21,0, 0 J 
, O, OO, O,1, 0 ] 
,l,O,90,0,1 ) 
, O, O,90,0,1 3 
‘Test D Multiplexer’ 
,s0 ,DO ,D1 ,D2 ,D3 Jj 
52 OL age Md Oe oe JO ty O27 
pe AS cag. 108 gS bes "OS 0 
pe 0! ye 202-3208 eo  <O- 
, t,O,9O0,0, 1 ] 
pO 9 0. 8 OP Oe gs 17 


= 


=> 
-> 
-> 


[ 
f 
f 
=> 'f 
[ 
[ 


ee 


-> ° 
= 


-"e =e “Se “8 “Oe 


=—> 
-> 
-> 
-> 
= 
=> 


Document Generator 


By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 


Equations for Module QUAD4TO1 


Device U003 


- Reduced Equations: 


Aout = (AO & 


Bout = (BO & 
Cout = (CO & 
Dout = (DO & 
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'S1 # Al & SO & !S1 # A2 


!'Sl # Bl & SO & !S1 # B2 


!Sl # Cl & SO & !S1 # C2 


!S1 # D1 & SO & !S1 # D2 


STA 


SGS-THOMSON 
MICROELECTRONICS 


& S1); 
& S1); 
& S1); 


& Sl); 


GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 8. ABEL Chip Diagram 


ABEL(tm) Version 2.10a - Document Generator 
Quad 4 to 1 Multiplexer 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 
Chip diagram for Module QUAD4TO1 


Device U003 


P20V8S 
ome oe ee oe oe oe oe ee ae \ | foie 
\ / 
AO 1 24 Vcc 
Al 2 23 Sl 
A2 3 22 SO 
A3 4 21 Aout 
BO 5 20 Bout 
Bl 6 19 Cout 
B2 4 18 Dout 
B3 8 17 D3 
Co 9 16 D2 
C1 10 15 D1 
C2 11 14 DO 
GND 12 13 C3 
L97, BiSoreorones 
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GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 9. ABEL Chip Usage 


ABEL(tm) Version 2.10a - Document Generator 
Quad 4 to 1 Multiplexer 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
for Module QUAD4TO1 


Device U003 


Device Type: P20V8S Terms Used: 16 out of 64 
Terms 
Pin # | Name | Used | Max | Term Type | Pin Type 

1 AO —— -- === Input 
2 Al -~ == === Input 
3 A2 = == ears Input 
4 A3 we == =< Input 
2) BO == 2S === Input 
6 Bl == == <= Input 
7 B2 ao == == Input 
8 B3 -— == === Input 
9 co -- -— a= Input 
10 Ci = an = Input 
11 C2 == se == Input 
12 GND == = == GND 

13 C3 = == a= Input 
14 DO = == === Input 
15 D1 0 8 Normal I/O 

16 D2 0 8 Normal I/O 

17 D3 0 8 Normal I/O 

18 Dout 4 8 Normal Output 
19 Cout 4 8 Normal Output 
20 Bout 4 8 Normal I/O 

21 Aout 4 8 Normal I/O 

22 SO 0 8 Normal I/O 

23 S1 -- ~— === Input 
24 Vcc -- -- ~——— vcc 

IT] SGS-THOMSON 
7, MICROELECTRONICS 
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GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 10. ABEL Test Vectors 


ABEL(tm) Version 2.10a - Document Generator 


Quad 4 to 1 Multiplexer 


By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 


Test Vectors for Module QUAD4TO1L 


Device U003 


Test A Multiplexer 


1 [1000 ---- ---- ---- ---- -00-] 
2 [0100 ---- ---- ---- ---- -10-] 
3 [0010 ---- ---- ---- ---- -01-] 
4 [0001 ---- ---- ---- ---- ~11-] 
5 [0001 ---- ---- ---- ---- -00-] 


Test B Multiplexer 


6 [---- 1000 ---- ---- ---- -00-] 
7 [---- 0100 ---- ---- ---- -10-] 
8 [---- 0010 ---- ---- ---- -01-] 
9 [---- 0001 ---- ---- ---- -11-] 

10 [---- 0001 ---- ---- ---- -00-] 


Test C Multiplexer 


[ meee eee ow ee 
[ ee ee ee 
[ o2xas www www ew we ewe eee 
[ eee eee awe es sews wee 
[ ee ee ee 
[---- ---- ---- ---- --- H 
[---- ---- ---- ---- ---H 
[---- ---- ---- ---- --- H 
[---- ---- ---- ---- -- ~H 
[---- ---- ---- ---- --- L 


11 (---- ---- 100- O0--- ---- -00-] -> [---- ---- ---- ---- --H- 
12 [---- ---- 010- O--- ---- -10-] -> [---- ---- ---- ---- --H- 
13 [---- ---- O01l- O--- ---- -01-] -> [---- ---- ---- ---- --H- 
14 [---- ---- 000- l--- ---- -11-] -> [---- ---- ---- ---- --H- 
15 [---- ---- 000- 1--- ---- -00-] -> [---- ---- ---- ---- --L- 
Test D Multiplexer 
16 [---- ---- ---- -100 0--- -00-}] -> [---- ---- ---- ---- -H-- 
17 [---- ---- ---- -010 O--=- -10-] <-> [cee -o-- ---- ---- -H-- 
18 [---- ---- ---- -001 0--- -01-] -> [---- ---- ---- ---- -H-- 
19 [errr were eon -000 lemme -11l-j) <-> [reer eee eer een -H- 
20 [---- ---- ---- -000 1--- -00-] -> [---- ---- ---= ---- -L-- 
end of module QUAD4TO1 
IT SGS-THOMSON 
IF. MICROELECTRONICS 
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GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 11. JEDEC with Test Vectors and Fuse Map 


ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. 


Created on: 20-Jul-87 02:07 PM 
Quad 4 to 1 Multiplexer 

By Derrick Tuten 13 July 1987 

SGS-THOMSON Microelectronics 
QP24* QF2706* 
LO000 
ODDDDNDNDDNDNDNNNNNNNNNNVNNNNNNNNNNNNDNNNN0NNN 
‘olelerererererererererererererererererererererereerererererererererererelelere) 
okoloropererererererererererererelerererererererererererererelerelerererelelere) 
ovoverorererererererererererererererelererererelerererererererelererelererelere) 
okoKororerererereyerererenererererereserereererererereresererererelerererenere) 
ODDDDDNNDNDNDNNDNNDNNNNDNNNNNNNNNNNNNNNNNNNNNN 
0ODDDDDNINNNDNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
0DDDDNDNDNNDNNNONNNNNNNONNNQNNNNNVNNNNNNNNNNNN 
1101111011101111111111111111111111111111 
0111111011011111111111111111111111111111 
1111010111101111111111111111111111111111 
1111110101011111111111111111111111111111 
ODDDDDNDDNNNDNNNVDNNNNNNNNNNNNNONNNNNNNN0NNNN 
ODNDDDNNNNNNNNNNNNONNNONN NON NN NNO NNNNNNNNNN 
ODDNDDDNONDNNNNNNNDNNNNONNVNNVNNNVNNNNNVNNNNNNNN 
0ODDDDNDNNNNN NCO NN NO NNNNNNNNNNNVNNNNNNNNNNN 
1111111011100111111111111111111111111111 
1111111011011111011111111111111111111111 
1111110111101111111101111111111111111111 
12111110111011111111111110111111111111111 
opoerererorerererererererererererererererererererererelesererenerelenerererere) 
ODDDDNDNNDNNNN NN NNNNNNNNNNNNNNNNNONNONN0N0N0N0N 
ODDDDNNDDNNNNNNNNNNNNNNNNNDNNNNNNNNNNNNNNN 
0DDDDDNDONNNNNNNNNNNNNNONNNNNNNNNNNNNNNNN 
1111111011101111111111111111011111111111 
1111111011011111111111111111111101111111 
1111110111101111111111111111111111110111 
1111110111011111111111111111111111111101 
ODDDDDNDDDNDNNDNNDNDNNNDNNDNNNONNDNDNNNNN0N0000000 
O0ODDDDDNDNDDNDNDNNDNNDNNVNNNNNNDNNNNNON0NN0N000N0000 
of ore rel orererelerererererererererererererererererererererenerererererenererene) 
ODDDDDNDDNDNDNNDNONDNNNDNNDNDNONNNNNNNNN000N0N0NN0N00N0 
1111111011101111111111111111111111011111 
1111111011011111111111111111110111111111 
11111101111021111111111111101111111111111 
1111110111011111111111011111111111111111 
0ODNNDDNNNDNNNDNDNNNNNNNNNNNNVNNNNNNNO0NN00N000N0 
ODDDDNNNDNDNNDNNNNNDNNNNDNNNNDONNNDNNNNDNNNNNNN 
‘oor eroreterorerererererererererererererelerererelererererepenenererererererere) 
‘ool ererorerorerorerererererererererelerererererelerererererenerenenenenenesene) 
ODDDDDNNDNDDNNDNDNNDNNDNNNDNDNNDND0D0NNN0NNN000000000 
ODDDDDNDDNDNDNDNDNNNNDNDNNNDNNNND0NNND0NNN0N0000000 
‘otek ozerezerererererererererererererererereenererenereenererenererenerenerere) 
oKocerererererezerererererererekerererererererererererererenererenererenerenere) 
OODDDDNNDNDNDNNNNNNNNNNNNDONNNDNNNNDNDNNNNNNNNNN 
ok erorererezererererererererelererererererererererererererereneneererenenelere) 
oferorererorererererererererererererererererererererelerererererererererelerere 


AY/, Srenortsoresies 
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JEDEC file for: 


P20V8S 


GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 11. JEDEC File with Test Vectors and Fuse Map (Cont’d) 


ODDDDDNNNDNNNDNNNNONNNNNNN NNN 0NNNN0N0NN0N0N000N0 
ODDDNDNDNNDDNNNNNNNNNNNNNNNNNNNNNNNN00N000000 
ODDDDNDDNDDNNNNNNNNDNNNNNONN NNN NNNNNNNNNNNNN 
of orerorererelererererererererereerererererereerererererelererererererererere) 
OODDDNDNDDNDNDNNNDONNDNDNNNNNNNNNNNNNNNN0NN0N0N0N0N 
ODDDDDDDDNDNDNDNDNDNDNDNNNNDNNDNNNNN0N00N0000000000 
ODDDDDNNDNNDNDNDNNDVDNNNNDNNNDNONNNNDNNNNN00N00000 
0O0D0DDDDDN0N00N0NN0NNNNNN000000000000000000000 
ODDDNDNDNNDNNDNNNNNNNNNNNDNNNNDNNNNNNNNNNNNNN 
ODDDDDDNNDNNNNNNNONNONNNVONNNNNN0N000000000 
0DDDDDDNDNNDNNNNNNDNNNNNNNNNNNNN00N0NN0N000000 
ODDDDNDDDDNNNNDNONDNNDNNNDNNNNNNNNN00000000000 
0000000000000000000000000000000000000000 
O0ODDDDNNDNDNDNNDNNDNNNNNNNDNNNNDNNNNNNN0N00000000 
ODDDDDNNDDNNDNNDNDNNDNNNNNDNNNDNNNDNNNNN0N00000000 
ODDDDDDDDDNNNNNNNDNDNNNNNNNNNNNNNNNNN0N00000 
O0ODDDNDNNDNNDNNNNDNNDONNDNNNNNNNNNNNNNNDND00N0N0000* 
L2560 

01111000* 

L2568 
DDDDDDDDDDDDNDDNDNDNDNNDNDNDDDNDNDNNNDNDNDN0NNNDN00N0N0NND00D0000N00000000N0000000* 
L2632 

1* 

L2633 

Ox 

L2634 

O* 

L2635 

Ox* 

L2636 

O* 

L2637 

1* 

L2638 

1* 

L2639 

1* 

L2640 
12111111111111111111111111111111111111111111111111111111111111111* 
L2704 

10* 

N Test A Multiplexer* 

VOOO1L 1LOOOXXXXXXXNXXXXXNNXHOON* 

VOOO2 OLOOXXXXXXXNXXXXXNNXH10N* 

V0OO0O03 OOLOXXXXXXXNXXXXXNNXHO1IN* 

V0004 OOOLXXXXXXXNXXXXXNNXH1L1IN* 

VOO0OO0O5 OOOLXXXXXXXNXXXXXNNXLOON* 

N Test B Multiplexer* 

VOOO06 XXXXLOOOXXXNXXXXXNNHXOON* 

VOOO7 XXXXO01LOOXXXNXXXXXNNHX10N* 

VOOO8 XXXX0010XXXNXXXXXNNHXO1N* 

VOOO9 XXXXOOOLXXXNXXXXXNNHX11iN* 

VOO1O XXXXOOQOOLXXXNXXXXXNNLXAOON* 

N Test C Multiplexer* 


ANI. Siteon tornones 
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GAL DEVICE APPLICATIONS 


QUAD 1:1 MULTIPLEXER 


Figure 11. JEDEC File with Test Vectors (Cont’d) 


VOO11 XXXXXXXX1LOONOXXXXNHXXOON* 
VOO12 XXXXXXXX01ONOXXXXNHXX10N* 
VOO13 XXXXXXXXOOLNOXXXXNHXXO1LN* 
VOO14 XXXXXXXXOOONLXXXXNHXX11N* 
VOO15 XXXXXXXXOOONLXXXXNLXXOON* 
N Test D Multiplexers 

VO0O16 XXXXXXXXXXXNX1000HNXXOON* 
VOO17 XXXXXXXXXXXNXO0100HNXX10N* 
VOO18 XXXXXXXXXXXNXO0O1LOHNXXO1N* 
VOO19 XXXXXXXXXXXNX0001HNXX11N* 
VOO20 XXXXXXXXXXXNXO0001LNXXOON* 
C5127* 

230E 


SGS-THOMSON 
Jf, MICROELECTROMCS 
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SEVEN SEGMENT DISPLAY DRIVER 


Using abel 


Here a GAL16V8 is used to drive a seven segment 
display. Included in the GAL is a decimal up-down 
counter with asynchronous carry-out and reset 
functions. The clock and carry-out pins make the 
counter fully cascadable to form large counters. 
The ABEL design input files and simulation file are 


Figure 1. ABEL Input and Simulation File 


GAL DEVICE APPLICATIONS 


shown in figure 1. 

Note that the counter requires seven registers and 
the asynchronous output, taking full advantage of 
the GAL architecture. 

The JEDEC file with fuse map and test vectors is 
shown in figure 6. 


== Seven-Segment Counter; counts from 0 - 9 
and loops with a carry out at 9 for cascading 


module segcnt7 
title ’ Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 
1 SGS-THOMSON Microelectronics 
a 
t 
" f | g |b 
" --- displays. 
i e| d |c <- Segement identification. 


" device declaration 


" location keyword device code 


U005 device ’P16V8R’; 
" pin declaration 
" inputs 
clk,clr,dir,0OE pin 1,2;3; 11; 
" outputs 
a,D,¢C;d,e,£;9 pin 19,18,17,16,15,14,13; 
carry out pin 12; 
C,X,Z = on EP A 
" Counter States 
ZERO = *b1111110; 
ONE = *b0110000; 
TWO = *b1101101; 
THREE = *b1111001; 
FOUR = *b0110011; 
FIVE = *b1011011; 
SIX = “b1011111; 
SEVEN = *b1110000; 
EIGHT = *b1111111; 
NINE = %*b1111011; 
" Counter Modes 
mode = {clr,dir]; 
up SB. Sry sda te 
down = [{1, 0]; 
clear =[0, X ]; 


hy oe ce 


ON 
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GAL DEVICE APPLICATIONS 


SEVEN SEGMENT DISPLAY DRIVER 


Figure 1. ABEL Input and Simulation File (Cont’d) 


equations 
!(a,b,c,d,e,f£f,g] := (mode == clear) & ![1, 
carry_out = (mode != clear) &a& bé&c& 
test_vectors ( [clk, mode, OE] -> [a,b,c,d,e,f,g]) 
[ C ,clear, 0 ] -> ZERO; 
[ Cc, up, 0] -> ONE; 
ae up , 0 ] -> TWO; 
([ Cc, up , 0 ] -> THREE; 
[c, up, 0 ] -> FOUR; 
(Cc, up, 0 ] -> FIVE; 
fc, up, 0 ] => SIX; 
(c, up, 0] -> SEVEN; 
[ Cc, up, 0] -> EIGHT; 
[c, up, 0] -> NINE; 
(Cf. App 0. J => ZERO? 
[ C , down, 0 }] -> NINE; 
{[ C , down, 0 J] -> EIGHT; 
[ C , down, 1 ] -> 2; 
{ C , down, 0 ] -> SIX; 
{ C , down, 0 J] -> FIVE; 
[ C , down, 0 ] -> FOUR; 
( C , down, 0 J] -> THREE; 
{ C , down, 0 ] -> TWO; 
{ C , down, 0 ] -> ONE; 
state_diagram (a,b,c,d,e,f,g] 
State ZERO : case (mode == up) : ONE; 
(mode == down) : NINE; 
endcase; 
State ONE ;: case (mode == up) : TWO; 
(mode == down) : ZERO; 
endcase; 
State TWO : case (mode == up) ; THREE; 
(mode == down) : ONE; 
endcase; 
State THREE : case (mode == up) : FOUR; 
(mode == down) : TWO; 
endcase; 
State FOUR : case (mode == up) ; FIVE; 
(mode == down) : THREE; 
endcase; 
State FIVE : case (mode == up) : Sixs 
(mode == down) : FOUR; 
endcase; 
State SIX : case (mode == up) : SEVEN; 
(mode == down) : FIVE; 
endcase; 
State SEVEN : case (mode == up) : EIGHT; 
(mode == down) : SIX; 
endcase; 
State EIGHT : case (mode == up) : NINE; 
(mode == down) : SEVEN; 
endcase; 
State NINE : case (mode == up) : ZERO; 
(mode == down) : EIGHT; 
endcase; 
end segcnt7 
4&7 SGS-THOMSON 
YF. MICROELECTRONICS 
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GAL DEVICE APPLICATIONS 


SEVEN SEGMENT DISPLAY DRIVER 


Figure 2. ABEL Reduced Equations 


ABEL(tm) Version 2.10a - Document Generator 
Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module segcnt7 


Device U005 


~- Reduced Equations: 


azs=!(a& !b&c&clr&dad& !dir & !e & f& Gg 
#a&b& !c &clr&édadé& !dir&e & IF EG 
#a&b&c&clr&dadé& dir & le & IF EG 
#a&b&c& clr&d& dir&e & f & !qg); 

bs= (ta &b&c& clr & !d & dir & le & FfEg 
#a& !b&c & clr&a& !dir&e & FEG 
#a& Ib&c&clr&d& dir& le&EEG 
#a&b&c& clr & !d & !dir & !e & If & 


c:=!(!a&b&c& clr & !d & dir & le & IF & Ig 


#a&b&c& clr &d& !dir & !e & !f & g); 


bé& !c &clr&dad& !dir&e& !f &G 
b&c& clr&éd & dir& le& lf &G 
b&c&clr&d & dir&e& f& !g 
'b&c&clr&d & dir & f& g 

& f& g 


yoo WM PM mM 


& e 
b&c& clr &daé&!diré&e 


SH: =H: He He He (Y) 


); 


'ib&c &clr&dadé& !dir& le & f&QG 
&b&c & clr&éd&dir& !te & If &Gg 
clr & !d & dir & le & f&g 


fy 
QR? 


bé&ec 
b&ec 
Cc 


R B— Ko 


i clr&édé&e& !f &g 
e lr &da & & 
Cc @d@é&e & & 


yo M —-— ff) R 


He He He HE He tHe 
— — 


& 
& 
& 


e £ 
f g); 


ja 
Hm 
m 


&b& c&clr&dé& dir&e& EE! 
la & b& c & clr & !a@ & dir & !e & 


g 
'f & 
a&b&c& clr&dad& !dir & !e & !f 
& 
& 


g 
a& !b&c & clr &da& dir &e & 


& 
reg 
a&éb&c&cir&dad& !dir&e&f g 


sth He sth stk th tk 


a&b& !ic&clr&d & e & If & g); 


b& !c & clr&daé& !diré&e 
&b&c & clr &d& diré&e 
& !b&c & clr &d & diré&e 
&b &c& clr &da& !dir &e 


! 
£& ! 


& TE 
& 

f 
£ 


yw M & 


& 
& 


i SGS-THOMSON 
4. MICROELECTROMCS 


clr & !d & !dir & !e & f& Gg 


ig 


fa & b& Cc & Clr & $d & Sdir & le &€& fF &gG 
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GAL DEVICE APPLICATIONS 


SEVEN SEGMENT DISPLAY DRIVER 


Figure 2. ABEL Reduced Equations (Cont’d) 


ABEL(tm) Version 2.10a - Document Generator 
Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module segcnt7 


Device U005 
# !clr 


#la&b&c& !d & !dir & !e & If & Ig 
#a&b&cé& dad & dir & !e & f & g); 


carry out = (a&b&c&clr&éd& !e & f & g); 


Figure 3. Chip Diagram 


ABEL(tm) Version 2.10a - Document Generator 
Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 
Chip diagram for Module segcnt7 


Device U00O5 


P16V8R 
ee ae ae oe es oe oe oe \ / ee ae ee 
x / 
clk 1 20 Veco 
clr 2 2 a 
dir 3 18 b 
4 17 c 
5 16 d 
6 15 e 
7 14 f 
8 13 g 
9 12 carry_out 
GND 10 11 OE 
KYf, Beano: 
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SEVEN SEGMENT DISPLAY DRIVER 


Figure 4. Chip Usage 


ABEL(tm) Version 2.10a - Document Generator 
Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 
for Module segcnt7 


Device UO0OS 


Device Type: P16V8R Terms Used: 39 out of 64 
Terms 
Pin # | Name | Used | Max | Term Type | Pin Type 
1 clk =< == === Clock 
2 clr == == SoS Input 
3 dir = = === Input 
4 = =~ === Input 
5 = -- a=5 Input 
6 -- -- --- Input 
7 == =e a oes Input 
8 an == seam Input 
9 == == SS Input 
10 GND == == scarica GND 
11 OE == == ——— Enable 
12 carry_out 1 8 Normal I/O 
13 g 7 8 Normal I/O 
14 f 7 8 Normal I/O 
LS e 7 8 Normal I/O 
16 d 6 8 Normal I/O 
17 Cc 2 8 Normal I/O 
18 b 4 8 Normal I/O 
19 a 4 8 Normal I/O 
20 Vcc as =< << vcc 
Gy SGS-THOMSON 
/, MICROELECTRONICS 


151 


GAL DEVICE APPLICATIONS 


SEVEN SEGMENT DISPLAY DRIVER 


Figure 5. ABEL Test Vectors 


ABEL(tm) Version 2.10a - 

Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Test Vectors for Module segcnt7 


Device U00O5 


WOON A UF WND 


end of module segcnt7 
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[COx- 
[Cc11- 
[C11- 
[C11- 
(c1i- 
(Cc1li- 


Document Generator 


ee 
----] -> [---- ---- ---- 
w---] -> [---- ---- ---- 
w---] <-> [---- ---- ---- 
m---] -> [(---- ---- ---- 
m---] => [---- ---- ---- 
----] -> [---- ---- ---- 
m---] -> [---- ---- ---- 
W---] -> [---- ---- ---- 
w---) => [one coe ---- 
Ww---] -> [---- ---- ---- 
m---] -> [---- ---- ---- 
----] -> [---- ---- ---- 
m---] -> [---- ---- ---- 
----] -> [---- ---- ---- 
----] -> [---- ---- ---- 
e---] -> [---- ---- ---- 
----] -> [---- ---- ---- 
a---] -> [---- ---- ---- 
men-) -> [---- ---- ---- 


Lyf. 


™ 


SGS-THOMSON 
MICROELECTRONICS 


HHH-]; 
HHL-]; 
LHH-] ; 
HHH-]; 
HHL-]; 
HLH-]; 
HLH-]; 
HHH-] ; 
HHH-]; 
HHH-] ; 
HHH-]; 
HHH-]; 
HHH-]; 
ZZZ—-]3 
HLH-] ; 
HLH-]; 
HHL-]; 
HHH-] ; 
LHH-] ; 
HHL-]; 
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SEVEN SEGMENT DISPLAY DRIVER 


Figure 6. ABEL JEDEC File with Test Vectors and Fuse Map 


ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. JEDEC file for: P16V8R 
Created on: 20-Jul-87 01:25 PM 
Seven Segment Display Counter 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
QP20* QF2194* 
LO000O 
01011010110111011110110111011111 
01011001111011011101111011011111 
01010101110111011110111011011111 
01010101110111011101110111101111 
00000000000000000000000000000000 
00000000000000000000000000000000 
ODDDDNDDNDNDDNDONNNNDNNNDNDNNNNNNNNN00N0N 
00000000000000000000000000000000 
01100101110111101110110111011111 
01011010110111011101110111011111 
01010110110111011110110111011111 
01011001110111101110111011101111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
01100101110111101110111011101111 
01011001110111011110111011011111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
0d00D0DDDNDNDNDNDNNNN0NNNNN0N0N0000000000 
O0OD0DDDDNDDDNDNDNDNDNNNNDN0NNNNNNN0N0N0N000000 
O0O0DDDDDDDNNNDNNNDNDNDNDNDNNNNNNNNNN0NNN 
01011010110111011110110111011111 
01011001111011011101111011011111 
01010101110111011110111011011111 
01010101110111011101110111101111 
01010110110111011101110111011111 
01011001110111011101110111011111 
0O0DQDDDDDNDNNNNNDNNNNNNNNNNNNNNNNNN 
00DDDDNNDNDNNDNNDNNDNNNNNNNNNNNNNNNN 
01011010110111011110110111011111 
01010101110111011110111011011111 
01100101110111101110110111011111 
01101001110111101110110111011111 
01011101111011011101111011011111 
01011101110111011101110111111111 
01011111110111011101110111011111 
00000000000000000000000000000000 
01010101110111011101110111101111 
01100101110111101110111011101111 
01011001110111011110111011011111 
01010110110111011101110111011111 
01011001110111011101110111011111 
01101001110111101110110111011111 
01011101111011011101111011011111 


AF ee emeon 


153 


GAL DEVICE APPLICATIONS 


SEVEN SEGMENT DISPLAY DRIVER 


Figure 6. ABEL JEDEC File with Test Vectors and Fuse Map (Cont’d) 


00000000000000000000000000000000 
01011001111011011101111011011111 
01010101110111011101110111101111 
01010110110111011101110111011111 
01011001110111011101110111011111 
10111111111111111111111111111111 
11101001110111101110111011101111 
11010101110111011110110111011111 
00Dd0DDNDNNNNNNNNNNNDNNNNNNNNNNNNNNN 
LITLILITI IIa Tirade aiid 
01011101110111011110110111011111 
0DD0DDDNNDNNNNNNNNNONNNNNNNNNNNNNN 
00DDDDNDNDNDNDNNNNNONNNNNNNNNNNNNNNNN 
00000000000000000000000000000000 
00D0D0DDNDNDNNDNNNDNNNNNNNNNNN0N0000000 
0d00DDDDNDNDDNNNNNNNNNNNNNNNNNN0N0000 
0DDDDNDDNDNNNNNNNDNNNDONDNNDNNNNNNN0N0N0* 
L2048 

oo0000001* 

L2056 
ODDDDDDDNDNDNDNDNDNDANDNNDNDNDNDNDNDNNNNDNDNNNDONDNNNDNNNNDNNNNNDNNDNNNDNNNDNNDNNNNNDN0N000* 
L2120 

00000001* 

L2128 
11121111111111111111111111111111111111111111111111111111111111111* 
L2192 

O1* 

VOOO1L COXXXXXXXNOXLHHHHHHN* 
V0O002 C11XXXXXXNOXLLLLHHLN* 
V0O003 C11XXXXXXNOXHLHHLHHN* 
V0004 C11XXXXXXNOXHLLHHHHN* 
VOOO5 C11XXXXXXNOXHHLLHHLN* 
VO0OO06 C1lIXXXXXXNOXHHLHHLHN* 
VOOO7 C11XXXXXXNOXHHHHHLHN* 
Vo0OO0O8 C11XXXXXXNOXLLLLHHHN* 
Vo0o0O9 C11XXXXXXNOXHHHHHHHN* 
V0010 C11XXXXXXNOXHHLHHHHN* 
V0O0O11 C11XXXXXXNOXLHHHHHHN* 
VOO12 C1lOXXXXXXNOXHHLHHHHN* 
V0O0O13 C1lOXXXXXXNOXHHHHHHHN* 
VO0O14 ClOXXXXXXN1XZZZZZZZN* 
VOO15 C1lOXXXXXXNOXHHHHHLHN* 
V0O0O16 C1lLOXXXXXXNOXHHLHHLHN* 
VOO17 C1LOXXXXXXNOXHHLLHHLN* 
V0O0O18 C1OXXXXXXNOXHLLHHHHN* 
V0O0O19 ClLOXXXXXXNOXHLHHLHHN* 
V0O020 ClOXXXXXXNOXLLLLHHLN* 
C7B51* 

85BD 


Lyf, SiSolenones 
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7-BIT COUNTER 


In this example a GAL20V8 implements a seven- 
bit counter with asynchronous carry-out and load 
functions. As illustrated in the block diagram (figure 
1) and Pin Connections diagram (figure 2), the 
carry-in and carry-out pins make the counter fully 
cascadable to form larger counters. The CUPL de- 


Figure 1. Block Diagram 


4-BIT 
UP/DOWN 
COUNTER 


OUTPUT DATA 
(Qo-Q3) 


CONTROL 
INPUTS 


GAL DEVICE APPLICATIONS 


sign input file is shown in figure 3, and simulation 
files in figure 4, while the ABEL design input file 
and simulation file are shown in figure 5. 
Note that the counter requires seven register and 
one asynchronous output, taking full advantage of 
the generic architecture of the GAL20V8. 


Figure 2. Pin Connections 


23/] CARRYIN 


GAL20V8 


$-10 253 


LY/, Sieeouscreoines 
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GAL DEVICE APPLICATIONS 


7-BIT COUNTER 


Figure 3. CUPL Design Input File 


Name COUNTER; 

Partno 00001; 

Date 01/07/87; 

Revision 01; 

Designer ALBERTO; 

Company SGS-THOMSON Microelectronics 

Assembly PC AT; 

Location PLZN1; 

vevice G20V8; 

Format JEDEC; 
(DRI OK ACK Oa OK RK a IK 2 OK aK a A KK KK KK / 
/* x/ 
/* 7-BIT COUNTER WITH LOAD AND CARRY : INPUT FILE * / 
/* * / 
DRCOG OOOO IORI ORK KOK KICK 40K 2K KKK / 
/* Allowable Target Device Types : G20V8 x / 


| RRR ARR ARAKI AR AOKI OK COOK AC RK KK OK aK AK AK OK / 


/** Inputs *x/ 


Pin LZeeo). = ~U0L2Z6) = /* INPUT GO..5 * / 
Pin [1,13,10} = [CLK,OE,CLR] ; /* CONTROL INPUT x / 
Pin [9,23} = [LD,CIN] ; /* LOAD AND CARRY-IN) */ 
/**xk Outputs *x/ 

ein Lee. oie) = fO02.67 3 /* OUTPUT GO..6 */ 
Pin 15 = COUT ; /* CARRY OUTPUT x/ 


/** Declarations and Intermediate Variable Definitions *x/ 


QTOT = Q6 & QE & Q4 & QB & Q2 & Qi & QO ; 


/** Logic Equations **/ 
Qo.D = (LB & DC 
+ :LD & :@O0 & CIN) & :CLR ; 
Q@i.G = (LD & Di 
#f%LD& !Q1 & QO & CIN 
+ !'LD & Qi & ! QO) & ! CLR; 
Q@2.0D = (io & D2 
# !'LD & !Q2 & Qi & QO & CIN 
# ILD & Q2 & (!Q1 # !Q0)) & ICLR ; 
Q@3.5 = (LD & D3 
# :1d & : Q3 & @2 & Gi & @ & CIN 
# ILD & @3 & (!Q2 # !Q1 # !Q0)) & ICLR ; 
Q4.D = (LD & D4 
# ILD & !Q4 & Q3 & G@2 & Qi & QO & CIN 
# ILD & @4 & (!Q3 # !Q2 # !Q@1 # !'$Q0)) & !CLR ; 
Q5.D = (LD & 05 
# :LD & !Q@5 & Q@4 & QS & Q@2 & Qi & QO & CIN 
# !LD & Q5 & ('G4 # !Q3 # !Q2 # !$Q1 # !Q0)) & !CLR ; 
Q6.D = (LD & D6 
# !LD & !Q6 & Q5 & Q4 & QB & Q@2 & Qi & QO & CIN 
# ILD & Q6 & (!Q5 # !Q4 # !Q3 # !Q2 # !Q1 # !$Q0)) & !CLR; 
COUT = !LD & QTOT & CIN ; 


LY/, iremoreenones 
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7-BIT COUNTER 


Figure 4. CUPL Simulation File 


CSIM 


Version 2.11b Serial# 5-00001-154 


Copyright (C) 1983,1986 Personal CAD Systems, Inc. 
CREATED Fri Sep 18 18:32:07 1987 


LISTING FOR SIMULATION FILE: COUNTER.sSi 


OONO aAhWN — 


Name COUNTER; 

Partno 00001; 

Revision Ot 

Date 01/07/87; 

Designer ALBERTO: ; 

Company SGS-THOMSON Microelectronics 

Location PLZN1; 

Assembly PC AT; 

Format JEDEC; 

DRA OOOO OO OR OOOO GOR AIR KR aR KK KK / 
/* * / 
/* 7-BIT COUNTER WITH LOAD AND CARRY SIMULATION FILE * / 
/* */ 
DOGO OOOO GOO GRA KK aK Kk / 
/* Target Devices: G20V8 * / 


[DRCOG ICAI KICK AK OK KKK ICACK ACK OK KK AAA KK // 


Order: OF,%3,CLK,%3,CLR,%3,LD,%2,D0..6,%2,Q0..6,%2,COUT,%3,CIN; 


oe ee ree ee ere ee ee ee ee ee wee re ee re ee ee ree ee we ew ee ee ee ee ee we ee wee ee ee we ee ee ee we we we wee es we ee ee ee 
meee ee me cm ee ee ee ee ee ee ee es ee we ee ee ee ee we ee re ee ewe ee ee wre wee ce em ee eee we we wee we we eee ees wwe ee ee ee ee ee ee we ee 


OE CLK CLR LD DO0123456 Q0123456 COU CIN 
0 C 1 O XXXXXXX LLLLLLL L 1 
0 C ) 1 O00711171 LLLHHHH L 1 
0 C 0 O XKXKXXK ALLHARH OL 1 
0 C 0 O XXXXXXX LHLHHRH OL 1 
8) C 0 O XXKXXXX HHLHHHK L i 
@) C 0 O XXXXXXX LLHHHHH OL 1 
) c @) O KKXXXXX HLAAHHH L 1 
e) C 0 O XKXXXXXX LHHHAHR OL 1 
0 C e) QO XXXXXXX HHHHHHH H 1 
0 C 8) O XXXXXXX LLLLLLL L 1 
0 C 0 O XXXXXXX ALLLLLL L 1 
0 C 0 O XXXXXXX LHLLLLL L 1 
i C ) 0 9000000 2222222 L 1 
@) C 0 O oo00000 LLHLLLL L 1 
0 C 0 G O000000 HLHLLLL L 1 
0 C 0 1 10101071 HLHLHLH L 1 
0 C 0 O XXXXXXX LLHLHLH  L 0 
0 C 0 O XXXXXXX LLHLHLH L 0 


ITA SGS-THOMSON 
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7-BIT COUNTER 


Figure 5. ABEL Input and Simulation Files 


module 


title 


f 


BITCNTR7 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 


SGS-THOMSON Microelectronics 
device declaration 


location keyword 


equations 


Q0 


Ql 


Q2 


Q3 


Q4 
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eo™= 


U004 device ‘P20V8R’; 
pin declaration 
" inputs 
DO,D1,D2,D3 pin 2,3,4,5; 
D4,D5,D6 pin 6,7,8; 
" outputs 
Q0 ,Q1,22,93 pin 22,21,20,193 
Q4,905,06 pin 18,17,16; 
" control 
CLK,LD,CLR pin 1,9,10; 
CARRYIN pin 23; 
CARRYOUT pin 15; 
OE pin 13; 
" declarations 
C,H,L,X,Z = Py oF es Os 0a Ga At 
(LD & DO # 
'LD & !Q0 & CARRYIN) & !CLR; 
(LD & D1 # 
'LD & !Q01 & QO & CARRYIN # 
'LD & Q1 & !Q0) & !CLR; 
(LD & D2 # 
'LD & !Q02 & Q1 & QO & CARRYIN # 
1LD & Q2 & !Q1 # 
ILD & 'Q2 & !Q0) & !CLR; 
(LD & D3 # 
ILD & !Q3 & Q2 & Q1 & QO & CARRYIN # 
'LD & Q3 & !Q2 # 
'LD & Q3 & !Q1 # 
'LD & Q3 & !Q0) & !CLR; 
(LD & D4 # 
ILD & !04 & Q3 & Q2 & Q1 & QO & CARRYIN # 
'LD & Q4 & !Q3 # 
'LD & Q4 & !Q2 # 
'LD & Q4 & !Q1 # 
ILD & Q4 & !Q0) & !CLR; 
‘Ti SGS-THOMSON 
IF, MICROELECTROMCS 


device code 


LOAD DO 
TOGGLE 


LOAD D1 
TOGGLE 
HOLD 


LOAD D2 
TOGGLE 
HOLD 
HOLD 


LOAD D3 
TOGGLE 
HOLD 
HOLD 
HOLD 


LOAD D4 
TOGGLE 
HOLD 
HOLD 
HOLD 
HOLD 
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Figure 5. ABEL Input and Simulation Files (Cont’d) 


7-BIT COUNTER 


A 

a a 6 

< . 51 
AYUAAAAA AVAANRAANAAA 
GUHA AH CeO AHdH 
C8 2aSaes Se eeesTe 

Hort ooe ALD rmoamae OV 


Om Om Om Cm OR Om Cm CR CR OR CR SE OH OR OCR CH CH FR Om OCR OR OR OCH CR CHR OR OCR OR OR OH OH 
ern mere eases esses ees es ees ees eens eens eens es ees eos ees ees ees eee ees ees ees ees eee ees eo ees ee 


~SAHAHHAHAA AAA AAA AHA A AAA AA AAA AHA AAA 


~ ~ ~ ~ 


NH DAMA SH De DHA DAA Aa 


~ baad ~~ sm» & ww ~ ~ Ly Ly La) ~ ~ ~ ~~ ~ ~ ._ = & & ~ ~ Ld = & ~ ~ ~ ' ~ 


NH MHAAMMHAHMMAHMMmAAMRHAARMTHAARMHAHKaA 


bd ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ » ~ Lad 


NH MAAAHA REE RAAAHA REE RAAAHA Ree eAHAAH 


~ & ~~» wm & & ~~ ~ ~ Ly ~ ~ ~ ~ = ~~ & - &£ & & ~ ~ = = & ~ ~ ~ ~ ~ 


NHMHAAHAAAHAAMOM ME Te MAHAHAHAHAAAH cease 


~ ~ & & & ~~ Ld ~ ~ ~ ~ ~ ~ ~ ~ .» » & & & & = ~ ~ ~ ~ ~ ~ ~ ~ ~ 


NH MAA HAAA HAHAHA AA AAAAAH DAMA Kees 


~ ~ ~ ~ Ld ~ ~ ~ Ld ~ ~ ~ ~ - ~ ~ bead ~ ~ ~ ~ ~~ baad ~ ~ ~ ~ ~ x ~ » 


NH MAAR HAHAHA AAA AHA AA AHA AAA AAA AAA AH 


~ ~ ~~ & =~ & ~ ~ ~~ Ld ~ ~ - ~ baad ~ & ~~ & ~~ & ~ ~ ~ ~~ & ~ ~ ~ ~ ~ 


NHAMAHAAHMAHA HAHAH AAHAAHA AAA HAHAHAHAHA A AHHAH 


Q4.& Q3 & Q2 & Qi & QO & CARRYIN # 
'Q6 & Q5 & Q4 & Q3 & Q2 & Ql & QO & CARRYIN # 


'LD & Q6 & Q5 & Q4 & Q3 & Q2 & Ql & QO & CARRYIN; 


A 
i 
O 
A 
- 
a) 
N 
A 
on) 
a) 
Ya 
; m4 Ar 
1) UO ~ HH AMT TM a MT MMM TM MMI MMMM TMM MMIII III 
~e ~ . a5 P6 PS OG PS PS FOS OS OG OG PS OS PS OS OG PS OS OS PD OS OD PS PG OS PG OS PS OS OM 
oo] Ly pe Site! PS PF A OG OG OG PS OS PS PG PSO PS PS PSPS OG PD OS PG PS PS PT PS OS PD OS PS 
[He =HE =H: HE Se HE HE SEE HEE vo wo CS a i i i i i i i i i i i i 
=~ ~~ V AB PG PS A OO PS OG PG OG OS OS PS OG OS OS PS OG PS OS OS PS PS OS OS PS PS PG OS OS 
TON ed oO owt rONnt oO G ~ a 
(o Te 0 Te Fe: (eo Re Ze 50 50 Ze! a eae PSPS AO OS OG OF PS OS OS OG OS OS PG OS PS PS OS PG PS PS PS OS OM PS PS OP PS PO 

6) a?) PS PS AO OO PS SO PS OS OS OS PG OS PS OS PS PPS PS OS OS OS OG OS OS PG PS OS OG 
SHE cS OS SOSH eS OS OS OS OS AS BS oO Cr SC, i CO i i i a | 

p E PP dO DG OS SO GO PS OS PS OF OSS PS OS PS PS OS PS SG OG OG PS OS PG 
nNMmMMWMMWMNMNwMm wowowowo wo 0 0 0 Ww) oe | ~~ = & & &B & Be Be wa we we we weA we we wee wwe A wee wee wee we we A A 
AcAeoOoOOA A (© 5@ 20 50 50 Fe! a OC Ol PG ed OO OG OS OS OOS OS OS OS OS OO OS OS PS PS PS PS PS OG PS OS PG PS OS OS 

AN =a is. & &®& & & & & & & & & &® ®»® & & & & & & & & &®& & & & ja & 
AANAANANRA AARARAANRAA ace SC SC Ce a | 
HHA HAH AHA AAA AYHA : 7 ao in oko ho RokoRomoRonoRoRoRoonoRoMoRokokononononononokoneo) 
ws” art are oe =O 8 we eZ ome mt ed He HO Ke & 

p ~ <j} ~~ i» & & & & & & ®& ®& & & &. ®& ®& ®» & & &® & & & & & & & j& & & %& & 
| ] oO ae) ~*~ —s= 8 & &— ee ewe we we we we we we we we we we we we ewe ee Be wee we wv Aw 
ee i > if ng OF “Am oooooooeo0o0ceocoo0ocececedcdgodgoodoooooon0 0000 3} 

u Uw SS i i i Se i, i, i i i, i i | 
Te) \o e a 4 CO QOUYUVYVVVVUVVVVVUVVVOVVVUVUVOVVVVU0O0U00 0 
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Figure 5. ABEL Input and Simulation Files (Cont’d) 
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7-BIT COUNTER 


em Cm Su CQ CR OR CH CR Om OM CQ OQ 


HAHAHAHAHAHA GH 


dima mdm aa 


HHAMmAHA RAHA aH 


_-_ » & & & & & & j& & =~ &} 


TmMmmMHAHA MAA eH 


-_ & & »® & & & & & & = & 


TRmOmMHAHAMHAHAtaH 


» es» & 8&8 & & & & & & = & 


Dg bd Dd Dg DE DS TS DG HD DS 


6S SO MM I 


-» es» & & & & & & & %& %& & 


SOS PS OS OS OS dO OPS dO 


» & & & & &®& & & & & =» & 


SS PS PPS OM OM 


-~- i» & & & . =» & & ~ a) La 


PS PS OS PS OM TOM OM OM OS 


~_~ & & & & & & & & & a & 


MOM MM 


x» s& & e& & & & a&® & &® & & 


aAaddddtA xX dd MIM 


» & & & = ~ ~ ~ Ly = 


= & 
ooooqooqo oqo TH oCOKOO 


~~ & ~~ & ~~ ~~ = & ~~ ~ ~ ~ 


oooo0ooooo°o°o 


~~ & » & -_ =& & & ~ ~ ~ ~ 


ooooqooqooo0oo°o°o°o 


= & = & » & & & & ~ = = 


OCOUUVUDVVVVVO00N0 
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7-BIT COUNTER 


Figure 6. ABEL Reduced Equations 


ABEL(tm) Version 2.10a - Document Generator 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module BITCNTR7 


Device U004 


- Reduced Equations: 
Q0 := (!CLR & DO & LD # CARRYIN & !CLR & !LD & !Q0); 


Ql := (!CLR & D1 & LD 
# !CLR & !LD & !QO & Ql 
# CARRYIN & !CLR & !LD & QO & !Q1); 


Q2 := (!CLR & D2 & LD 
# !CLR & !LD & !Q0 & Q2 
# !CLR & !LD & !Q1 & Q2 
# CARRYIN & !CLR & !LD & QO & Ql & !Q2); 


Q3 := (!CLR & D3 & LD 
# !CLR & !LD & !Q0 & Q3 
# !CLR & !LD & !Q1 & Q3 
# !CLR & !LD & !Q2 & Q3 
# CARRYIN & !CLR & !LD & QO & Ql & Q2 & !Q3); 


Q4 := (!CLR & D4 & LD 

# ICLR & !LD & !Q00 & Q4 

# ICLR & !LD & !Q1 & Q4 

# ICLR & ILD & !02 & Q4 

# !CLR & !LD & !03 & Q4 

# CARRYIN & !CLR & !LD & QO & Ql & Q2 & Q3 & !Q4); 
Q5 := (!CLR & D5 & LD 

# ICLR & !LD & !Q0 & Q5 

# ICLR & !LD & !Q1 & Q5 

# ICLR & !LD & !Q2 & Q5 

# ICLR & !LD & !Q3 & Q5 

# ICLR & !LD & !Q4 & Q5 

# CARRYIN & !CLR & !LD & QO & Ql & Q2 & Q3 & Q4 & !05); 
Q6 := (ICLR & D6 & LD 

# ICLR & !LD & !Q0 & Q6 

# !CLR & !LD & !Q1 & Q6 

# !ICLR & !LD & !Q2 & Q6 

# ICLR & !LD & !Q3 & Q6 

# ICLR & ILD & !04 & Q6 

# ICLR & ILD & !05 & Q6 

# CARRYIN & !CLR & !LD & QO & Ql & Q2 & Q3 & Q4 & Q5 & !Q6); 


£97, SEScHtiomontes 
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7-BIT COUNTER 


Figure 6. ABEL Reduced Equation (Cont’d) 


ABEL(tm) Version 2.10a - Document Generator 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Equations for Module BITCNTR7 


Device U004 


CARRYOUT = (CARRYIN & !LD & QO & Q1 & Q2 & Q3 & Q4 & Q5 & Q6); 


Figure 7. Chip Diagram 


ABEL(tm) Version 2.10a - Document Generator 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Chip diagram for Module BITCNTR7 


Device U004 


P20V8R 
a aoe pee eee \ ee 
\ 7. 
CLK i ° = 24 Vcc 
DO 2 23 CARRYIN 
D1 3 22 Q0 
D2 4 21 Qi 
D3 5 20 Q2 
D4 6 19 Q3 
D5 7 18 Q4 
D6 8 17 Q5 
LD 9 16 Q6 
CLR 10 15 CARRYOUT 
11 14 
GND 12 13 OE 


LY, Sremoruscmones 
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7-BIT COUNTER 


Figure 8. ABEL Chip Usage 


ABEL(tm) Version 2.10a - 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
for Module BITCNTR7 


Device U004 


GAL DEVICE APPLICATIONS 


Document Generator 


Used: 


Max | Term Type | Pin Type 


onmnnonwnnanana o 


37 out of 64 


Device Type: P20V8R Terms 
Terms 
Pin # | Name | Used | 
1 CLK -— 
2 DO -— 
3 D1 == 
4 D2 = 
5 D3 -~ 
6 D4 -- 
7 D5 -- 
8 D6 -- 
9 LD -- 
10 CLR -- 
11 == 
12 GND -- 
13 OE -—— 
14 -- 
15 CARRYOUT dL 
16 Q6 8 
17 Q5 7 
18 Q4 6 
19 Q3 5 
20 Q2 4 
21 Ql 3 
22 Q0 2 


ES) 
m W 
<Q 
Q 
a Fi 
K 
H 
a 
| 
| 


O77 - SON 
S/ A ee Omari 
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7-BIT COUNTER 


Figure 9. Test Vectors 


ABEL(tm) Version 2.10a - Document Generator 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
Test Vectors for Module BITCNTR7 


Device U004 


Test Counter 


1 [OXXX XXXX XXe— leer wen --X-] <> [eee coc ween on 
2 [CXXX XXXX X1-- O--- ---- --X-] -> [---- ---- ---- -- 
3 (C111 1111 10-- O--- ---- --X-] -> [---- oo ---- =H 
4 [C000 0000 10-=— O--- ---= --X-] -> [ooo cece cern 
5 [CXXX XXXX 00-- O--- wm-- --1-]) -> [ooo cree ---- 
6 [CXXX XXXX 00-- O--— sen --1-] -> [ere cere cere 
7 (CXXX XXXX 00-- O--- ---- --1-] <-> [eece cere e c--- = 
8 (CXXX XXXX 00-- O--- ---- --1-] -> [cere coer we 
9 [CXXX XXXX 00-- O--- ---- --1-] <-> [oer coer com 
10 [CXXX XXXX 00-- O--- ---- --1-] <-> [ocr tee eee 
11 [CXXX XXXX 00-- O--— we --1-] <-> [oor core rome en 
12 [CXXX XXXX 00-— O--- sre wl) <-> [cece cece coc rn 
13 [CXXX XXXX 00<- Ofn- creer cHl-] > [rec r cece core on 
14 ([CXXX XXXX 00-- O--— w--9- <1] <-> [rece cere cmc 
15 (CXXX XXXX 00-- O--- sre --1l]-] <-> [rece cece cron 
16 [CXXX XXXX 00-- O--- ---- --1-] <-> [-cee owen cee = 
17 [CXXX XXXX 00-- O0--- ---- --1-] <-> [eee eee meme 
18 [CXXX XXXX 00-- O--- ---- --1-] <-> [eer coer een 
19 [CXXX XXXX 00-- O--- ---- --1-] -> [reer cee cee =e 
20 [CXXX XXXX 00-- O--- -e-- --1-j] -> [orc corer cere 
21 [CXXX XXXX 00-— O--— wee -Hl=-] <-> [ere cere cen 
22 ([CXXX XXXX O00-- O--- ---- --1-] <-> [reer cer mene 
23 [CXXX XXXX 00-- O--- ene --1-] -> [tec eee enn 
24 [CXXX XXXX 00--— O--- ---- --1-] -> [eer cere eee = 
25 [CXXX XXXX 00-- 0--- ---- --1-] -> [---- ---- ---- -- 
26 [CXXX XXXX 00-- O---— ---- --1-] -> [eee seer cee 
27 [CXXX XXXX 00-— O--- ---- --1-] -> [oer cere cen -- 
28 [CXXX XXXX 00-- O--- ---- --1-] <-> [oe cere coe 
29 [CXXX XXXX 00-- O--— sn- --1-] -> [coer cece cnn 
30 [CXXX XXXX 00-— O--— en --1-] <-> [omer cree cee = 
31 [CXXX XXXX 00-- 0--- ---- --1-] <-> [---- ---- ---- -- 
32 ([CXXX XXXX 00-- 0--- ---- --1-] -> [---- ---- ---- -- 
33 [CXXX XXXX 00-- O--- ---- --1-] -> [---- ---- ---- -- 
34 [CXXX XXXX O00-- O--- ---- --1-] -> [---- ---- ---- -- 
35 [CXXX XXXX 00-- O--- ---- --1-] -> [---- ---- ---- -- 
36 [CXXX XXXX 00-- O--- ---- --1-] -> [-no- cee cH -- 
37 [CXXX XXXX 00-- O--— see --1-] <-> [cnr ---- ---- = 
38 [C111 1110 10-- O--- ---=- --X=-] <-> [neem cee meee = 
39 [CXXX XXXX 00--— O--- ---- --1-] -> [---- ---- ---- -- 
40 [CXXX XXXX 00-— O--- ---- --1-] -> [---- cee -H-- == 
41 (C011 1111 10-- O--- ---- --X-] <-> [---- ---- ---- -- 
42 [CXXX XXXX 00-- O--- ---- --1-] -> [---- ---- ---- -- 
43 (CXXX XXXX 00-- O--- ---- --1-j] <-> [---- ---- ---- -- 


end of module BITCNTR7 


ky7, 3&S-THOMSON 
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7-BIT COUNTER 


Figure 10. ABEL JEDEC File with Test Vectors 


ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. 


Created on: 20-Jul-87 02:14 PM 
7 Bit Counter with Asynchronous 
Carry-out and Load Functions. 
By Derrick Tuten 13 July 1987 
SGS-THOMSON Microelectronics 
QP24* QF2706* 
LOOOO 
0111111111111111111111111111011110111111 
1101111011111111111111111111101110111111 
0000000000000000000000000000000000000000 
ODDDDNDNDNDNDNNDNNDNDNNNDNNNNNDNNNNNNNNNNNNNNNN 
ODDDDNDNNDNDNNNNDNNNONNNNNNNNNNNNNNNNNNNN 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
1111011111111111111111111111011110111111 
1111111011011111111111111111101110111111 
1101110111101111111111111111101110111111 
O0ODDDNDNDNDNDNNNONDNNNN NNN NNNNNNNNNNNNNNNNNNNN 
O0ODDNDNDNDNNDNNNDNN DN NNNNNNNNNNNNNNNNNNNNNNNN 
0DDDDDNDONNNNNNDNNNNNNNNNNNNNNNNNNNNNNNNN 
0DDDDDDDDNDNDNDNNDNDNNDNNDNNNNDNNNNNNNNNNNNNNNNN 
0ODDNDDNDDNDNNN NNN NDNDNNNNNNNNNNNNNNNNNNNNNNN 
1111111101111111111111111111011110111111 
1111111011111101111111111111101110111111 
1111111111101101111111111111101110111111 
1101110111011110111111111111101110111111 
00DDNDDDNDNDDNNNDANNNNNNNNNNNNNNNONNNNNNN0NNN 
‘oKoTot exer overererelerelezerereretererererererererererererererererereeererere) 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
1111111111110111111111111111011110111111 
1111111011111111110111111111101110111111 
1111111111101111110111111111101110111111 
1111111111111110110111111111101110111111 
11011101110211101111011111111101110111111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
11121111111111111011111111111011110111111 
1111111011111111111111011111101110111111 
1111111111101111111111011111101110111111 
1111111111111110111111011111101110111111 
1111111111111111111011011111101110111111 
1101110111011101110111101111101110111111 
0000000000000000000000000000000000000000 
ODDDDDDDDNDNDNDNNDDNDNNNNNNNNNNNNNDNNNNNNNNNNN 
1111111111111111111101111111011110111111 
1111111011121111111111111101101110111111 
1111111111101111111111111101101110111111 
1111111111111110111111111101101110111111 
1111111111111111111011111101101110111111 
1111111111111111111111101101101110111111 


IST Sees 
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JEDEC file for: 


P20V8R 
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7-BIT COUNTER 


Figure 10. ABEL JEDEC File with Test Vectors (Cont’ed) 


1101110111011101110111011110101110111111 
0000000000000000000000000000000000000000 
12111111111111111111111110111011110111111 
12112111011111111111111111111100110111111 
1111111111101111111111111111100110111111 
1111111111111110111111111111100110111111 
111221111111111111111011111111100110111111 
1111111111111111111111101111100110111111 
1111111111111111111111111110100110111111 
1101110111011101110111011101101010111111 
1111111111111111111111111111111111111111 
1101110111011101110111011101100111111111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0DDDDDDDDNNDNDNNNNDNNNNNDNNNNNNDNNNNNNN0000000 
DDDDDNDDNDNNDNDNNDNNNNNNNNNNDNNNNNN0NN0NNDN0N0N0000N 
ODDDDDNDDNDNDNNDNNDNNDNNDNNNNNNNNNNNNNNNNN0N0000* 


L2560 


11111111* 


L2568 


DDDDNDDNDDODNDNDODNNDNDNDONDNNDNNNNNDNNNNNNNNNNNNNNNNNNNNNNNDNNNNNNNNNNNNNN* 


L2632 


00000001* 


L2640 


1111111111111111111111111111111111111111111111111111111111111111* 


L2704 
O1* 


N Test Counter * 


voool 
vo00o2 
V0003 
vo004 
vo005 
V0006 
V0007 
vo00s 
vooo9 
vo0o10 
vooil 
voo12 
V0013 
voo14 
voo1s 
v0o016 
V0017 
v0018 
vo0o19 
vo020 
voo21 
v0o022 
V0023 
V0024 
V0025 
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OXXXXXXXXXXNLXXZZZZZZZXN* 
CXXXXXXXX1LXNOXLLLLLLLLAN* 
C111111110XNOXLHHHHHHHXN* 
CO00000010XNOXLLLLLLLLXN* 
CXXXXXXXOOXNOXLLLLLLLH1N* 
CXXXXXXXOOXNOXLLLLLLHLIN* 
CXXXXXXXO0OXNOXLLLLLLHH1IN* 
CXXXXXXXOOXNOXLLLLLHLLIN* 
CXXXXXXXOOXNOXLLLLLHLHIN* 
CXXXXXXXOOXNOXLLLLLHHL1IN* 
CXXXXXXXOOXNOXLLLLLHHH1N* 
CXXXXXXXOOXNOXLLLLHLLLIN* 
CXXXXXXXOOXNOXLLLLHLLH1IN* 
CXXXXXXXOOXNOXLLLLHLHLIN* 
CXXXXXXXOOXNOXLLLLHLHH1IN* 
CXXXXXXXOOXNOXLLLLHHLLIN* 
CXXXXXXXOOXNOXLLLLHHLH1N* 
CXXXXXXXOOXNOXLLLLHHHLIN* 
CXXXXXXXOOXNOXLLLLHHHH1N* 
CXXXXXXXOOXNOXLLLHLLLLIN* 
CXXXXXXXOOXNOXLLLHLLLH1IN* 
CXXXXXXXOOXNOXLLLHLLHLIN* 
CXXXXXXXOOXNOXLLLHLLHHIN* 
CXXXXXXXOOXNOXLLLHLHLLIN* 
CXXXXXXXOOXNOXLLLHLHLH1IN* 


ky, 
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7-BIT COUNTER 


Figure 10. ABEL JEDEC File wiht Test Vectors (Cont’d) 


V0026 
v0027 
v0028 
v0029 
V0030 
vo0o31 
V0032 
V0033 
V0034 
V0035 
V0036 
V0037 
V0038 
V0039 
v0040 
voo41 
v0042 
V0043 


CAD62* 


D2A3 


CXXXXXXX0OXNOXLLLHLHHLIN* 
CXXXXXXXOOXNOXLLLHLHHH1IN* 
CXXXXXXXOOXNOXLLLHHLLLIN* 
CXXXXXXX0OOXNOXLLLHHLLH1IN* 
CXXXXXXX0OXNOXLLLHHLHL1IN* 
CXXXXXXX0OXNOXLLLHHLHH1IN* 
CXXXXXXXOOXNOXLLLHHHLLIN* 
CXXXXXXXOOXNOXLLLHHHLHIN* 
CXXXXXXXOOXNOXLLLHHHHL1IN* 
CXXXXXXXOOXNOXLLLHHHHH1IN* 
CXXXXXXXO0OXNOXLLHLLLLLIN* 
CXXXXXXXOOXNOXLLHLLLLH1IN* 
C11111101L0XNOXLLHHHHHHXN* 
CXXXXXXXOOXNOXLHLLLLLLIN* 
CXXXXXXXOOXNOXLHLLLLLHIN* 
C011111110XNOXLHHHHHHLXN* 
CXXXXXXXO00OXNOXHHHHHHHH1N* 
CXXXXXXXOOXNOXLLLLLLLL1IN* 


ky, 


GAL DEVICE APPLICATIONS 


SGS-THOMSON 
MICROELECTRONICS 


GAL DEVICE APPLICATIONS 


COPY PAL PATTERNS INTO GAL DEVICES 


The generic architecture of the GAL family offers 
the user many different device configurations. One 
particular subset of these myriad architectural pos- 
sibilities is common PAL architectures. GAL 
devices are capable of emulating all common PAL 
architectures with 100% pin, fuse-map, function 
and parametric compatibility. In short, a GAL device 
can drop right into any PAL socket. 

This technical brief addresses the procedure of 
copying a PAL pattern-either a PAL master device 
or a PAL JEDEC file-into a GAL device. The tech- 
nique is straightforward since existing files or 
masters can be used without modification. The first 
step in copying a PAL pattern into a GAL device 
is to determine whether the GAL device can emu- 
late the particular architecture in question. This is 
accomplished by referencing tables 1 and 2. 
Table 1 lists all of the 20 pin PAL architectures 
available as a subset of 20 pin GAL16V8 configu- 


Table 1. PAL Architectures emulated by GAL16V8 


rations. Likewise, table 2 lists all of the 24 pin PAL 
architectures available as a subset of the 24 pin 
GAL20V8 configurations. The user must simply 
cross-reference the PAL architecture in question 
with these tables to determine which GAL device 
is needed. 

Functional compatibility is an obvious requirement 
for copying to be perfomermed. GAL devices are 
designed with a versatile Output Logic Macrocell 
(OLMC) that allows emulation of more than twenty 
different PAL architectures. The OLMC, shown in 
Figure 1, can be programmed to any of the configu- 
rations shown in Figures 2 through 5, namely: dedi- 
cated input, dedicated combinational output with 
programmable polarity, combinational output with 
feedback and programmable polarity. These four 
macrocell configurations can be combined as need- 
ed to allow full pin and function compatibility with 
the PAL architectures listed in the tables 1 and 2. 


GAL16V8 


12L6 14L4 16L2 


16H2 
16P2 


14H4 
14P4 


12H6 
12P6 


TABLE 2. PAL Architectures emulated by GAL20V8 


14L8 16L6 18L4 20L2 
14H8 16H6 18H4 20H2 
14P8 16P6 18P4 20P2 


16R8 16R6 16R4 16L8 
16RP8 16RP6 16RP4 16H8 
16P8 

GAL20V8 


20R8 20R6 20R4 
20RP8 20RP6 20RP4 


20L8 
20H8 
20P8 
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Figure 1. Output Logic Macrocell (OLMC): Pin 12 and 19 (GAL 16V8); Pin 15 and 22 (GAL 20V8) 


ACO AC{{n) ACOACI(n) 


110 (n) 
oo 


Ff = 
| D y > fa === 


XOR(n) 


FEEDBACK <q 


| PIN 1/11 (16V8) 
l 1/13 (20V8) 


$-10066/2 


Figura 1a. Output Logic Macrocell (OLMC): Pin 13 to 18 (GAL 16V8); Pin 16 to 21 (GAL 20V8) 


ACO ACI(n) ACO ACi{n) 


XOR(n) 


FEEDBACK <q 


| FROM 
ADJACENT STAGE 
| OUTPUT(m) 


ACO | AC1(m) 
AC1(n) 


$-10068/2 
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Figure 2. Dedicated Input 


cK o£ 
OUTPUT LOGIC MACROCELL(n) E 
nc ac 


FEEDBACK | 
| 1 


| FROM 
wel apsacent STAGE 
L OUTPUTIm) 


Figure 4. Combinational Output with feedback 


cx OE 
(TO REGISTERED MACROCELLS) (TO REGISTERED MACROCELLS) 


OUTPUT LOGIC MACROCELLIN) 


FEEDBACK —z4——_______ 
| 


| FROM 
ADJACENT STAGE 
PUT(m) 


oe ) vowr 
ANO 
ARRAY { 
| XOR(n) | 
| 


Figure 3. Dedicated Combinational Output 


cx ot 
OUTPUT LOGIC MACROCELLINI L 


FEEDBACK 


| FROM 
nc! ADJACENT STAGE 


(ee So Be ee 4 Bek a ey eed to a) OUTPUTI®) 


Figure 5. Registered Active-High or Low Output 


| FROM 
AOJACENT STAGE 
OUTPUT(m) 
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Fuse-Map Compatibility 


The ability of GAL devices to directly accept PAL 
patterns is the result of more than just functional 
compatibility. There is an additional stipulation that 
the ‘‘fuse’”” maps be compatible otherwise the copy 
procedure requires manual intervention in the form 
of manipulating JEDEC files or “‘fuse’’ plots to get 
everything into the proper format. Obviously, any 
manual intervention would be cumbersome and 
time consuming, and would significantly detract 
from the utility of the GAL devices. 

Therefore, the GAL cell array is designed to be an 
identical bit-for-bit mapping of a PAL fuse array, 
in any output configuration. This means that ex- 
ternal input signals and feedback signals are phis- 
ically connected to the same array input lines in 
the GAL device as they are in a PAL device. 
Although this may sound trivial, consider the fol- 


Figure 6. Partial Logic Diagram of a PAL 16L2 Device 


GAL DEVICE APPLICATIONS 


lowing example, which examines how different PAL 
architectures have different array hook-up 
schemes. 

Refer to the partial logic diagrams of a PAL 16L2 
and a PAL 16R8 in figure 6 and 7 respectively. No- 
tice in the first figure that pin 1 is an input and is 
connected to array input lines 2 and 3. Now notice 
in the second figure that pin 1 is a clock input, and 
the feedback signal from pin 19 is connected to in- 
put lines 2 and 3. These differences pose no 
problem for the PAL manufacturer, since different 
PAL devices are manufactured independently of 
each other. However, for a GAL device to have the 
flexibility to accomodate different array hook-up 
schemes required some innovative design tech- 
niques. Although these techniques add to the com- 
plexity of the OLMC, the benefits of a directly 
copyable device are obvious. 


o123 4$67 890M 1291378 1S 16979899 20212223 24252627 28293038 


Figure 7. Partial Logic Diagram of PAL16R8 Device 
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Figure 8. GAL Device Pinout Codes 


10L8-15/-35 
10P8-15/-35 
12H6-15/-35 
12H6-15/-35 


12L6-15/-35 
12P6-15/-35 
14H4-15/-35 
14H8-15/-35 


14L4-15/-35 
14L8-15/-35 
14P4-15/-35 
14P8-15/-35 


16H2-15/-35 
16H6-15/-35 
16H8-15/-35 
16L2-15/-35 


16L6-15/-35 
16L8-15/-35 
16P2-15/-35 
16P6-15/-35 


16P8-15/-35 
16R4-15/-35 
16R6-15/-35 
16R8-15/-35 


16RP4-15/-35 
16RP6-15/-35 
16RP8-15/-35 
16V8-15/-35 


18H4-15/-35 
18L4-15/-35 
18P4-15/-35 
20H2-15/-35 


20H8-15/-35 
20L2-15/-35 
20L8-15/-35 
20P2-15/-35 


20P8-15/-35 
20R4-15/-35 
20R6-15/-35 
20R8-15/-35 


20RP4-15/-35 
20RP6-15/-35 
20RP8-15/-35 
20V8-15/-35 


PART TYPE 
NO. OF PINS 


AMILY/PINOUT 


F 


LOGICPACK 


REVISION 


LOGICPACK 
ADAPTER 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-109 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


303A-009 
303A-009 
303A-009 
303A-009 


ADAPTER 
REVISION 


ADAPTER 


303A-100 


303A-100 
303A-100 


303A-100 


303A-100 
303A-100 


303A-100 
303A-100 


303A-100 
303A-100 
303A-100 
303A-100 


303A-100 
303A-100 


303A-100 
303A-100 
303A-100 


303A-100 
303A-100 


303A-100 


303A-100 
303A-100 
303A-100 


303A-100 
303A-100 
303A-100 


DESIGN ADAPTER 
REVISION 


MODEL 60A 


ADAPTER 


MODEL 60 
ADAPTER REV. 


NO ig) aw) 1) Nh o>) ne) i¢) N io) we) >) aw [ee] NO 
o | o8o | o8o0 }] 580] 585 | 585 | O85 | FL | ABEL VERSION 


The ‘‘ee’’ symbol means that the algorithm for this device is under evaluation for possible addition in some future update. 
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Programmers with RAL Device Codes 


The final element required to facilitate direct PAL 
device copying is the RAL (Reprogrammable Ar- 
ray Logic) code. The RAL code is the user’s me- 
ans of informing the programmer box exactly which 
architecture the GAL device will be patterned to. 
It correlates to the family/pin code selection for 
identifying PAL architectures. 

The information shown in figure 8 is taken form the 
DATA I/O wall chart listing all device manufactures’ 
family pin codes. 

Notice that there is an entry for each GAL of the 
GAL16V8 and the GAL20V8, as well as for many 
RAL codes. It should be noted that, although there 
are only two physically different device types - the 
GAL16V8 and GAL20V8 - these products source 
all of the 44 device types listed in the figure 8; the 
RAL codes are provided merely for the purpose of 
copying PAL devices. To emulate a PAL16R4 fa- 
mily/pin code must be used according to the proce- 
dure explained below. The RAL codes directly 
correspond to each respective PAL device config- 
uration and provide the programmer box with the 
information to program the GAL device OLMCs. 
Physically resident inside the GAL device is an 82 
bit architecture control word which, once 
programmed, determines the configuration of the 
OLMCs. (Refer to the data-sheet for further discus- 
sion on the architecture control word). Download- 
ing a PAL pattern to a programmer box transfer 
array data only; no information as to the device ar- 
chitecture is trasmitted. Thus the RAL code is es- 
sential. 

Inside the memory of a device programmer is the 
predetermined GAL architecture control word cor- 
responding to each PAL device configuration. By 
selecting the appropriate RAL code, the device 
programmer can append the predetermined ar- 
chitecture control word to the array information 
previously downloaded. It stands to reason that if 
the GAL family/pin code were selected, the GAL 
device’s array would be programmed properly but 
the OLMCs would be left unprogrammed, since 
there is no predetermined OLMC configuration in 
a virgin GAL device. 

The GAL family/pin code would only be used in the 
development of a new design from scratch. In the 
JEDEC file generated by the development sofware 
is contained an architecture control word specific 
to the design in question. When copying an exist- 
ing PAL master device or an existing PAL JEDEC 
file, the architecture control word only gets physi- 
cally appended to the cell array information by the 
programmer box when the appropriate RAL code 
is selected. 

A final reminder: When copying PAL device pat- 
terns into GAL devices, use the RAL family/pin 
code. When beginning a GAL design from scratch, 
use the GAL family/pin code. 
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Actual steps for copying PAL service patterns 
into GAL devices using programmers 


With-RAL codes 


This procedure is generic in nature and is not 
specific to any device programmer. A PAL master 
device or a PAL JEDEC file may be used. 


1 - Load either the PAL-device fuse map or 
JEDEC file data into the device programmer 
memory using the normal procedure from. 


Select the appropriate RAL family/pin code 
form the programmer chart. Note: Remember 
that the RAL code is required for PAL device 
copying in order to configure the OLMCs 
properly. Do not use the GAL device code for 
copying PAL devices. 


Ny 


(Note: Some programmers require changing adap- 
ters when switching from one device manufacturer 
to another) 


3 - Program the GAL device using the appropri- 
ate RAL family/pin code to configure to OLMCs 
properly. The copy procedure is complete and 
resulting GAL device is 100% compatible with 
PAL device it copied. 


(Note: The GAL device still retains its full erasability 
feature. The device can be reused with different ar- 
ray patternss and architecture configurations (RAL 
codes) as selected by the designer). 


PAL to GAL JEDEC File Conversions 


GAL devices are fuse map compatible with stan- 
dard PAL devices, so any development software 
that is capable of creating JEDEC files for use with 
PAL devices, such as PALASM, can be used with 
GAL devices. However, GAL devices have addition- 
al ‘‘fuses’”’ that define their architecture (syn- 
chronous, asynchronous, or combinations thereof). 
This architecture information is not provided by PAL 
only assemblers and compilers. Most programming 
hardware configure GAL device architectures au- 
tomatically, using menus or other means to deter- 
mine the device being emulated. However, some 
programming fixtures do not configure GAL device 
architectures automatically, requiring instead, that 
all necessary architecture information be present 
in the JEDEC file. This means that JEDEC files de- 
veloped for use with PAL devices must be modi- 
fied before they can be used with GAL devices on 
such a programmer. The program PALtoGAL per- 
forms all of the necessary translations required. The 
program PALtoGAL, which is distribuited by 
SGS-THOMSON , is written in turbo Pascal 3.01 A; 


- N 
S/ A matt ted Hebets 
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it supports both 16V8 and 20V8 GAL devices. The 
typical environment used for this software could be 
an IBM personal computer or equivalent machines, 
with the following minimum configuration: 


* Single floppy disk drive 5 1/4’’-—360KB or 3 
1/2” —720KB 

* MS-DOS or PC-DOS operating system, 2.0 or 
later 

* 256KB Minimum free RAM size 


The modification PALtoGAL performs are as 
follows: 


1) Appends the proper architecture information. 


2) Sets unused product terms to all zeros. 
3) Sets unused input terms to all ones. 


4) Expands the fuse map to include every fuse 
(recognizes, but doesn’t use the F field). 

5) Includes a fuse address (L field) every 32 
fuses (every 40 fuses for GAL20V8) for 
JEDEC file readability. 

6) Recalculates fuse array and transmission 
checksums. 

7) Adds “QP” (quantity of pins) and ‘‘QF”’ 
(quantity of fuses) fields. 

8) Insert user electronic signature, if specified. 


ISTA pce ecamare 
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USING ELECTRONIC SIGNATURE 

In the course of system development and produc- 
tion, the proliferation of PLD architectures and pat- 
terns can be great. To further complicate the 
record-keeping process, design changes often oc- 
cur, especially in the early stages of product de- 
velopment. The task of maintaining “‘which pattern 
goes to what device for which socket’? becomes 
exceedingly nontrivial. What’s more, once a 
manufacturing flow has been set, it becomes im- 
portant to ‘“‘label’ each PLD with pertinent 
manufacturing information, which can be quite 
beneficial in the event of the customer return trace- 
ability aided by a manufacturing history can help 
to quickly reconstruct details of a defective product 
and thereby effect a speedy solution. The 
SGS-THOMSON GAL family can ease the 
problems associated with document control and 
traceability, thanks to a feature called Electronic 
Signature (ES). This brief describes the concept 
behind ES, how it is used, and the advantages ob- 
tainable with regard to manufacturing-flow control, 
documentation, and traceability. 


Electronic Signature is basically a user’s “‘notepad’”’ 
provided in electrically erasable (EE) cells on lach 
GAL device. Essentially an extra row that’s append- 
ed to the array and allocated for data storage; the 
ES can contain up to 8 bytes. Figure 1 shows Row 
Address Maps for the GAL 16V8 and GAL 20V8, 
with the ES row highlighted. 


Figure 1. Row Address Maps 
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GAL DEVICE APPLICATION 


Because one GAL device can emulate many differ- 
ent PAL architectures, inventory logistics are great- 
ly simplified. To further simplify the development 
and manufacturing process, SGS-THOMSON in- 
corporated ES to store such manufacturing data 
as the manufacturer’s ID, programming date, 
programmer make, pattern code, revision number, 
and product flow. The intent was to assist users 
with the complex chore of record maintanance and 
product flow control. In practice, the ES can be 
used for any of a number of ID functions. 


For user simplicity, ES will be supported by all GAL 
family software support packages such as CUPL 
and ABEL, which are discussed with detail in 
section 4 of this handbook. The user will be able 
to define data fields, specify information, and write 
or read ES data from each GAL device. The fol- 
lowing paragraphs describe how ES may be 
managed. 


Within the 64 bits (eight bites) available for ES data 
storage, users may find it helpful to define specif- 
ic fields, to make better use of information storage. 
A field may use only one bit (or all 64), and may 
contain a variety of topics. Some fields should prob- 
ably be reserved for future expansion. The possi- 
bilities for fields are endless, and completely up to 
the user. As an example, figure 2 divides the ES 
in five fields: manufacturer’s ID, device program 
date, programmer ID code, pattern code, and 
reserved section. 
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GAL DEVICE APPLICATIONS 


Even with the GAL device’s security feature ena- 
bled, the ES can still be read. If a pattern code were 
stored in the ES, the user could always identify 
which pattern had been used in a given device. In 
this way, a device pattern could be confidentially 
retrieved. As a second safety feature, when a GAL 
device is erased and repatterned, the ES row is au- 
tomatically erased. This prevents any situation in 
which an old ES might be fitted with a new pattern. 
(No information is better than wrong information). 
It is the user’s responsability to update the ES when 
reprogramming. 

Programming the ES is accomplished in the same 
mammer as any other array write operation. With 
the GAL device in Edit mode, the ES can be se- 
lected using a row address of 32 on the GAL 16V8, 
or 40 on the GAL 20V8. By following the shift regi- 
ster and program timings (specified in the data 
sheets of section 2) to load, program and verify the 
ES, a routine can be developed on most ATE sy- 
stems to pattern a user-specific signature into the 
device. 

Though provided to assist the designers and ma- 
nufacturers who utilize GAL products, making use 
of ES is not essential to enjoying the many bene- 
fits of GAL devices. For those willing to invest in 
it, however, the reduction of ‘‘hidden costs’’ asso- 
ciated with PLDs can be significant. 


Eliminating labels 


By automatically storing the appropriate identifica- 
tion information into GAL device ES locations while 
the programming hardware is patterning the devi- 
ce, the need for a costly additional handling step 
to apply messy gummed labels or ink is elimina- 
ted. What’s more, throughput and quality of the pat- 
terned devices is greatly increased. 


Figure 2. Typical ES Field Definitions 
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Document Control 


The job of document control becomes more ma- 
nageable when using the GAL device ES, since a 
pattern code in the ES can specify each pattern 
and its application. This proves an absolute boon 
in military programs, where accurate documenta- 
tion is essential. If a change occurs, it is easily han- 
dled with a pattern code in each device, a readout 
can actually be conducted during board assembly. 
Code verification would ensure the use of proper- 
ly patterned devices and serve as a quality moni- 
ior step. Moreover, validation is simplified when 
checking against a lot-or board-traveler, since ma- 
ster devices are not required. 


Software Revisions 


With ES, a software ID code can be stored and re- 
ferenced in Document Control to a current-pattern 
version. When a revision occurs, a new pattern co- 
de is simultaneously stored in the ES. For the first 
time in PLD history, pattern codes can be monito- 
red to verify that incorrect versions of software are 
not inadvertantly being used. 

With GAL devices, of course, any material flagged 
with an improper pattern code can simply be sent 
back and reprogrammed to the current-pattern re- 
vision. Also, when security is enabled, an ES- 
resident pattern ID code is the only certain means 
of documenting which pattern resides within a 
device. 
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Manufacturing Information 


As described earlier, manufacturing information 
stored in the GAL device ES can help track down 
problems, should products be returned. If each 
board-assembly location were coded into GAL de- 
vices used as that assembly site, for example, cu- 
stomer board returns might be linked to a common 
source. Also, identification codes would eliminate 
the need to use external labels or stamps to signi- 
fy different vendors. 


Manufacturing Flow 


With ES, devices can all be preprogrammed at one 
location and given a destination code. Upon ship- 
ment and receipt, sample readouts of destination 
codes could be performed to ensure that the pro- 
per devices were received. As systems become 
more complex, production and document control 
costs can become dominant. Electronic Signatu- 
re is one of many valuable ease-of-use features of- 
fered in the GAL device family that can tame such 
costs. SGS-THOMSON will continue to deliver out- 
standing user support, by making the ES feature 
available on all GAL devices. 


OVERVIEW OF REGISTER PRELOAD 


Register preload is a testability feature that is ra- 
pidly gaining prominence throughout the chip- 
design market place. Because it allows any arbi- 
trary state value to be loaded into a PLD’s output 
register, this powerful feature is capable of brea- 
king down complex logic design into simple testa- 
ble blocks. All GAL family devices from 
SGS-THOMSON incorporate the feature, and 
though extremely valuable for testing the device 
during manufacture, register preload allows the di- 
scerning user to convince himself of this bold claim: 
because of the testability advantages of the 
E2CMOS technology, SGS-THOMSON guarantees 
100% programming and functional yields for GAL 
devices after programming. Although its compre- 
hension is not a prerequisite for GAL device usage, 
this technical brief provides a technical overview 
of register preload and how it can be useful. 


By allowing any arbitrary state value to be loaded 
into a device’s output registers, register preload can 
provide an easy method of testing registered de- 
vices for logical functionality. 


For conclusive testing of state-machine designs, 
all possible states and state transitions must be ve- 
rified, not just those required in the normal machi- 
ne operations. 

This is because, during system operation, certain 
events (power-up, line voltage glitches, brown-outs, 
etc.) can throw the logic into an illegal state. To test 
a design for proper handling of such conditions, 
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a way must be provided to break the feedback 
paths, and force any desidered -even illegal - sta- 
te into the registers. Then the machine can be se- 
quenced, and the outputs tested for the correct 
next-state conditions. 


The GAL 16V8 and GAL 20V8 devices include cir- 
Cuitry that allows each registered output to be syn- 
chronously set either high or low. Thus, any 
present-state-condition can be forced for test se- 
quencing. Figure 3 shows the pin functions neces- 
sary to preload the registers. The register preload 
timing and pin voltage levels necessary to perform 
the function are shown in figure 4 (See section GAL 
device specification) for parametric specifications 
and the register preload. This test mode is ente- 
red by raising PRLD to VigEs (a supervoltage of 
15V), which enables serial data in (Spjj) buffer 
and the serial data out (SpourT) buffer. Data is se- 
rially shifted into the registers on each rising edge 
of the clock, DCLK. Only the macrocells with regi- 
stered output configurations are loaded. If only 3 
outputs have registers, then only 3 bits need to be 
shifted in. The registers are loaded from the bot- 
tom up, as illustrated in figure 3. A typical functio- 
nal test sequence would be to verify all possible 
state transitions for the device being tested. To ve- 
rify these transitions requires the ability to set the 
state registers into an arbitrary ‘‘present-state”’ va- 
lue, and to set the device inputs to any arbitrary 
“* present-input”’ value. Once this is done, the sta- 
te machine is then clocked into a new state or 
“‘next-state’’. The next state is then checked to va- 
lidate the transition from the present state. In this 
way any state transition can be checked. 


Figure 3. Output Register Perload Pin Configuration 


* The Spout - output buffer is an open-drain output. This pin should 
be terminated to Vcc with a 10K resistor. 
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Shorter test sequences 


The difficulty in getting to certain states or condi- 
tions can lead to logic-verification sequences that 
are either incomplete or excessively long. Long test 
sequences result when feedback signals from state 
registers combine with inputs to determine the 
“‘next-state’’ values. This condition forces the sta- 
te machine to go through many state transitions 
before it can reach the state that requires testing. 
Therefore, the test sequence will be mostly state 
initialization and not actual testing. The test se- 
quence can become excessively long when a sta- 
te must be reentered many times to test a wide 
variety of input combinations. 


Consider a device programmed as a seven-bit 
counter that, among other functions, asserts an out- 
put signal from an eighth output once the counter 
reaches 127; or binary 1111111.In order to test this 
eighth output for the proper logic level; it is neces- 
sary to cycle the counter 127 times just to set up 
the desired test condition. Also if several different 
input combinations need testing with seven bit 
counter in this state, each set of input conditions 
will require the test sequence to lengthen by 128 
test vectors, of which 127 vectors are for initializa- 
tion only. 


Register preload allows the desired “‘present-state” 
to be loaded into the device in one test vector and 
allows testing for the ‘‘next-state’’ with a second 
test vector. The benefits of this feature are readily 
apparent for shortening test sequences. 


Figure 4. Timing Diagram 


PRLD 


Vin 


Ocik 


to tpwv 


Spout VALID DATA 
Vor 


to . 
son XXXKXKAMK trees) 
to 


Unreachable States 


Complete logic verification is often impossible when 
states that need to be tested can not be entered 
with normal state transitions. Included among these 
are ‘‘forbidden’’, ‘‘power-up’’, or “‘don’t care ”’ sta- 
tes that are not nomally entered but need to be te- 
sted to ensure that they return to the defined state. 
Consider a design including a counter that counts 
the sequence 0,1,2,5,0,1,2,5,...Under normal con- 
ditions, the state registers for this counter would 
never reach states ‘'3” and “‘4’’.“‘However, to gua- 
rantee proper functionality, these states must be 
entered, to ensure the machine will reset if either 
of these forbidden states is ever errantly entered. 
Without register preload, this task is impossible, 
since there would be no way to force the counter 
into forbidden states.With register preload, the sta- 
tes are simply loaded into the counter, which is sub- 
sequently clocked to the next state to verify proper 
return to a known state and normal operation. 


For the most demanding users, register preload is 
an invaluable feature for testing all possible state 
transitions in a registered device, and one that can 
significantly shorten test sequences, as well as al- 
low forbidden states to be tested. 


These benefits translate to higher quality systems, 
because of the greater degree of confidence that 
all components in the system function properly prior 
to shipment. The point for all users of GAL devi- 
ces to remember is that the inherent testability of 
SGS-THOMSON’s E2CMOS technology removes 
the testing burden from the user by assuring the 
highest-quality programmable logic devices avai- 
lable 100% programming yield, 100% functional 
yields guaranteed. 
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E2CMOS Technology and Circuit Considerations 


The E2CMOS technology employed on all GAL 
devices combines a state-of-the-art, high- 
performance CMOS static RAM process with an 
electrically erasable, nonvolatile memory process 
to form SGS-THOMSON’s E2CMOS technology. 
This technology yields products with the best 
speed-power characteristics available from any 
user-programmable technology. A cross section of 
the E27CMOS technology is illustrated in figure 1, 
with key process features listed in table 1. The 
foundation of the technology is an oxide-isolated 
N-well CMOS process fabricated on a, P-type sub- 
strate. 


Figure 1. E27CMOS Process Cross-Section 
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Table 1. E27CMOS Dimensional Features 


P-Type Substrate (200 - cm) 
N-Well Bulk Silicon CMOS 
Double-Level Polysilicon 
Single-Layer Metalization 
1.0 »m Channel Lenght 
OXIDES 

500 A First Gate 


330 A Second Gate 

420 A Interpoly Oxide 
95 A Tunnel Oxide 

KEY PITCHES UTILIZED 
5.2 um Active Area 
4.0 nm Second Poly 
4.8 um Metal 


The use of negative substrate-bias generation 
eliminates the requirements for expensive (and 
defect-inducing) epitaxial processing techniques, 
while enhancing device performance due to 
reduced junction capacitance on all N-channel 
devices. The oxide-isolation techniques serves to 


further reduce device capacitance in all areas. The 
E2CMOS technology utilizies fully self-aligned, 
polysilicon-gate processing coupled with low tem- 
perature process steps to minimize key circuit and 
device performance limiting parasitic capacitances, 
such as gate-source and gate-drain overlap 
capacitances. 

The floating-gate memory cell technology utilized 
is based upon a 95 A oxide, utilizing the princi- 
ples of Fowler-Nordheim tunnelling. This technol- 
ogy was chosen due to its high quality, reliability 
and repeatibility. 

In fact, the memory cell proliferated throughout the 
GAL family of devices has proven its reliability 
through exhaustive testing (millions of write-erase 
cycles) and over extended periods of time (over 
1,000,000 device-hours have been logged at the 
time of this writing). 

In addition to the floating-gate (or ‘‘sense’’) device, 
an additional select transistor (or ‘‘pass gate’’) is 
added in series with the cell in E?CMOS designs, 
to isolate the sense device from the array during 
read and write operations. A schematic represen- 
tation of this type of cell is shown in figure 2. In 
addition to the conventional bit line and word line, 
the E?CMOS cell has additional line for control gate, 
or top gate, which controls the potential of the float- 
ing gate. In the GAL family of programmable logic 
devices, this line occupies little additional area. 


Figure 2. Typical E27CMOS Cell 
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The cell is programmed by applying a programming 
pulse to either the control gate or the drain region 
of a cell that has been selected by an applied high 
voltage on the select-line. 

Programming takes place when electrons ‘‘tunnel’”’ 
through a thin dieletric, which is indicated in the 
schematic by the small notch in the floating gate 
over the drain of the sense device. A microphoto- 
graphed cross-section of the E27CMOS cell, as well 
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Figure 3. E27CMOS Cell Cross-Section 
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as its schematic representation, is shown in figure 
3. Note that the sense-transistor channel length is 
defined by a masking layer and not by polysilicon 
gate, as in the case of the select, or pass, transistor. 
This technique minimizes the size of the cell while 
maintaining a high coupling ratio between the float- 
ing gate and the control gate. As in the case of an 
ultraviolet-light erasable PROM (EPROM) cell, the 
E2CMOS cell requires an very low-leakage, high- 
quality oxide between the two levels of polysilicon 
to guarantee good data retention characteristics. 
A more dramatic illustration of the cell is shown in 
the scanning-electron-microscope (SEM) photo- 
graph of figure 4 in which the various layers have 
been etched back to reveal the floating-gate struc- 
ture. Once the charge has been placed on the float- 
ing gate, the actual floating-gate potential can be 
modulated by the voltage on the control gate 


Figure 4. Etched Back E?CMOS Cell 


through capacitive coupling. It is this capacitive 
coupling that is used to generate the high voltage 
across the tunnel dieletric at the beginning of a 
programming pulse. During a programming cycle, 
the cell is first erased to a 1, or nonconducting 
state, then selectively written to a 0, or conduct- 
ing state by a write cycle. This prevents the sense 
device from conducting current during the write 
operation, when voltage is applied to the drain of 
the device. 


E2CMOS Circuitry 


The circuitry employed on all GAL devices has 
been specifically designed to provide user key 
benefits. AC and DC parametric performance has 
been optimized over the full military temperature 
and voltage range, through the use of substrate- 
bias generation coupled with temperature compen- 
sated, self-biasing sense amplifiers. 

All GAL devices have been designed to provide to- 
tal parametric compatibility with existing bipolar 
TTL circuit technologies. Fig. 5 illustrates the typi- 
cal room-temperature transfer characteristics of a 
number of TTL circuit technologies, along with the 
typical GAL device characteristic. The low- 
temperature and high-temperature characteristics 
are provided in Figures 6 and 7 . The effects of tem- 
perature and voltage on two key AC parameters 
(input-to output and clock-to output delays) can be 
studied in figeres 8,9,10, and 11. The scales have 
been normalized to 25°C and 5.0V operation, for 
reference. 

The advantages of E2CMOS technology become 
apparent upon examination of these figures. The 
transfer characteristic is significantly improved with 
E2CMOS, both in terms of static Voy level (at 
specified Io) as well as the “‘squareness ”’ and 
narrow transition region of the curve. The switch- 
ing threshold is extremely stable, as compared with 
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that of TTL circuit technologies, whose thresholds 
are based upon PN diode stacks; the latter has a 
strong exponential dependence on temperature, 
while E2?CMOS thresholds are primarily a function 
of device size ratios, which are, of course, not 
temperature-dependent. 

The normalized access times vs.temperature 


Figure 5. Room Temperature Transfer Characteristics 
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Figure 7. — 55°C Transfer Characteristics 
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curves illustrate the linearity of E2-CMOS, as con- 
trasted with the classical bipolar ‘“‘bowl’’ shaped 
temperature characteristic. It can be seen that 
E2CMOS produces performance commensurate 
with TTL above 25°C, while significantly outper- 
forming TTL characteristics below 25°C. 


Figure 6. +125°C Transfer Characteristics 
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Figure 8. Normalized tpp vs. Supply Voltage 
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Figure 9. Normalized tco vs. Supply Voltage 


NORMALIZED Teco (TCHQV) 


40 45 50 55 60 


SUPPLY VOLTAGE (V) 


Figure 11. Normalized tpp vs. Temperature 
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E2CMOS Output Characteristics 


The schematic representation of the output driver 
utilized on all GAL devices is illustrated in Figure 
12. This is a specially designed high-drive output 
stage with two key benefits for the system design- 
er. The first point to notice is the exclusive use of 
N-channel transistors for both pull up and pulldown 
devices in the push-pull stage connected to the 
device pin (Q1,Q2,Q3). The use of P-channel 
devices on circuit outputs is one of the major 
sources of destructive ‘““SCR latch-up’’ common to 
many CMOS technologies. 

The reason for this is due to output overshoot, un- 


Figure 10. Normalized tco vs. Temperature 
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Figure 12. Phased Output Turn-On Circuit 
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dershoot, or “ringing” due to signal reflections and 
noise in a system application. 

The second salient feature of the GAL output-stage 
design is the phased, ‘‘soft’’ turn-on of its high- 
current (24mA) pull-down drivers, Qy and Qo. This 
feature benefits system disigners by controlling 
transient current spikes, which often occur when 
switching heavy, capacitive loads and many out- 
puts in parallel. Dynamic switching spikes often 
play havoc with system Vss and Vcc bus lines, 
due to inductive coupling according to the equation. 


dl 
VNOISE = ial 
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Where VnojsE is the equivalent noise voltage, and 
Lgus is the bus inductance. The phased output 
turn-on circuit serves to limit the Vyoise compo- 
nent by effectively reducing the dl/dt term. 

This is accomplished through the use of paired pull- 
down devices. 

In effect, the circuit has two output drivers, a dy- 
namic driver (Q1) and a static driver (Qo). Q is 
driven by a very fast inverter stage (I+), while Qo 
is driven by an inverter stage (lo) designed to turn 
on more slowly (by about 1.5 ns), but still turn off 


Figure 13. Delta tpp vs. Output Loading 
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turn off quickly. This design effectively smoothes 
the dynamic output current spike generated when 
switching heavy, capacitive loads, yet provides a 
solid DC Io, drive characteristic. 

The propagation delay induced by capacitive out- 
put loading is illustrated in Figure 13 and 14. The 
DC output drive characteristics (Ioy and Io ) are 
illustrated in figure 15 and 17. The 200-ohm load 
line in Figure 15 clearly illustrates the ability of GAL 
devices to drive heavy loads and still maintain a 
solid Voy level of approximately 2.9 volts. 
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Figure 14. Delta tco vs. Output Loading 
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Figure 15. Ioy vs. Output Voltage 
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Figure 16. Input Translator/Buffer 


TO INTERNAL 
CIRCUITRY 


E2CMOS Input Characteristics 


A schematic representation of the input transis- 
tor/buffer utilized on all GAL devices is illustrated 
on Figure 16. The transistor is specifically designed 
for compatibility with existing bipolar TTL circuit 
technologies, while providing significantly improved 
noise margins. Note the presence of an internal 
decoupling capacitor (C) physically integrated on 
each device input and I/O. Decoupling significantly 
improves transient-noise rejection ratio and makes 
it possible to use GAL devices successfully within 
noisy system enviromments, which would induce 
failures in other circuit technologies. 

Figure 18 is provided as an example of this 
“‘designed-in’’ noise margin by illustrating a 
GAL16V8 operating as a counter with a 10MHz 
clock input signal that has only a 200mV swing. 
This is, of course, not recommended design prac- 


Figure 17. Io. vs. Output Voltage 
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Figure 18. 10MHz Clocking with 200mV P-P Input 
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tive, but demonstrates the sensitivity and noise 
filtering capability of the GAL device input buffer. 
Two other important input characteristics of GAL 
devices are related to current-voltage (I-V) relation- 
ships. One of these is the input current (Ijjy) ver- 
sus the input voltage (Vij), and is illustrated along 
with the common TTL characteristic in Figure 19. 
As can be readily discerned from the figure, 
E2CMOS provides the user with an ideal ‘‘open cir- 
cuit’ input load characteristic, whereas the TTL 
devices present a significant DC load to the driving 
circuitry. Ten TTL devices in parallel can easily pre- 
sent a 4mA DC load to a driver. The remaining I-V 
characteristic is related to the static Icc consumed 
by the input translators as a function of the applied 
input voltage. As the input voltage transi tions from 
a logic 0 to a logic 1, there exists a region typically 
between Vin = 1 to 3V, in which Qoa and Qop are 
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both slightly on and a current path exists beween 
Voc and Vss. The same situation occurs with Q3p 
and Q3p, such that an E2CMOS input buffer 
characteristic will allow small amounts of DC cur- 
rent to flow as a function of input driving voltage 
levels. This input buffer characteristic is shown in 
Figure 20. Note that there are two different curves 
illustrated in this figure -one for dedicated input 
buffers, and one for I/O (bidirectional) buffers. The 
I/O buffers consume roughly twice as much Icc as 
dedicated inputs, due to the fact that they have 
been scaled up in size to help compensate for the 
extra delay (about 1ns) they incur in the I/O feed- 
back multiplexer circuit that dedicated inputs do 
not experience. 


ESD Protection Network 


It should be noted that all GAL device inputs have 
an integral electrostatic discharge (ESD) protection 
structure comprising a diffused N + resistor and 
a ‘‘grounded gate’”’ transistor (refer to Figure 16) 
with a special phosphorous implant in its drain 
region that is designed to non-destructively break 
down between source and drain at approximatively 
23 volts. 

This breakdown of Q; provides a low impedance 
path to ground, thus dissipating any potentially 
damaging charge that would otherwise pass to the 
internal circuitry. 

GAL device inputs are guaranteed to provide in ex- 
cess of 1500V of protection when tested accord- 
ing to the MIL-STD -38510 ESD test methods. 


Figure 19. lin vs. Vin 
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Figure 20. Input Translator Ic¢c¢ vs. Vin 
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Overshoot Characteristics 


With signal propagation delays decreasing as a 
result of device improvements, signal slew rates 
are approaching 5V/ns in some technologies. 
Proper attention to impedance-matching and ter- 
mination becomes paramount, as system design- 
ers are faced with transmission line effects, such 
as reflections which are the source of a majority 
of signal overshoots and undershoots on a board. 
Bipolar TTL circuit technologies have historically 
been very forgiving in this area, due to the integra- 
tion of input and output Schottky ‘“‘clamping’’ 
diodes. 

MOS technologies, in general, do not have the lux- 
ury of having a readily available Schottky diode in 
the process. E2CMOS technology is no exception; 
to ensure that GAL devices did not have or cause 
problems in a customer’s system, SGS-THOMSON 
design goals included a requirement to sustain 
large overshoots and undershoots on device pins 
while having no functional effect on the device per- 
formance. The reader is referred to Figure 21 which 
illustrates the same device and pattern as utilized 
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in Figure 18, except the clock signalisnow16 volts Figure 21. 10MHz Clocking with 16V P-P Input 
peak-to-peak (-8.0V to + 8.0V), still clocking the cir- 
cuit at 10 MHz with no device malfunction. The 
specific I-V curves for input and output circuits are 
shown in Figures 22 and 23. The output circuit 
characteristic is very similar to that of TTL technol- 
ogies. The input circuit can be seen to have a limit- 
ed current-sourcing ability, as compared with TTL 
technology. 
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Figure 22. Output Voltage vs. Output Current 
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Figure 23. Input Voltage vs. Input Current 
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THE GAL PROCESS 


While it is the responsibility of component manufac- 
tures to maximize product quality and reliability by 
testing to weed out infant mortality and thereby 
delivering units with a low failure rate, 
programmable-logic-device (PLD) manufacturers 
have traditionally placed the responsibility of test- 
ing on the user. 

Primarily because bipolar fuse-link technology does 
not lend itself well to testability prior to program- 
ming, PAL device consumers have been forced to 
bear the burden of testing. 

GAL devices are the only PLDs that are complete- 
ly tested before shipment. 

Incorporating design-for-testability features, GAL 
devices are reprogrammed in milliseconds and test- 
ed extensively through the actual circuitry used in 
device operation, rather than by means of 
“shadow” arrays and ‘‘dummy”’ columns that one- 
time-programmable PLDs resort to. When a con- 
sumer purchases a GAL device and programs it, 
he can feel 100% confident that the device will ad- 
here to all performance specifications outlined in 
the GAL data sheet. This can be assured because 
prior to shipment, each GAL device has been 
programmed with hundreds of worst-case patterns, 
cycled for endurance and tested over temperature 
with every scheme of architecture. 

PLDs have historically been impossible to test and 
characterize on a volume-production level, because 
complete performance testing could not be accom- 
plished until after a device was programmed for a 
specific application. Only the customer could verify 
that performance specifications were indeed be- 
ing met, by testing each device fully after 
programming. 

Manufacturers of bipolar fuse-link PAL devices 
present statistical data that implies that if the device 
programs, it will probably operate adequately. Con- 
sequently, the user has to program the device and 
test it over temperature to screen out statistical 
anomalies. If programming yield is 98% and func- 
tional yield is 99%, then each user can expect to 
return 3% of all PAL devices purchased or three 
parts per hundred. 


Predictable Programming 


From a standpoint of device reliability, it is impor- 
tant for users to distinguish between the untesta- 
ble behavior of fusible links and highly predictable 
and repeatable retention characteristics of the GAL 
device’s E2CMOS arrays. Design features enable 
each E2CMOS cell to be checked for sufficient mar- 
gin after programming, to ensure that cells com- 
ply with the retention requirements dictated by 
SGS-THOMSON quality and reliability goals. All 
devices undergo retention testing, in which every 
cell’s charge is measured before and after a high- 


temperature ‘‘bake’’, to detect any unusual degra- 
dation that might portend potential failures. For the 
user, this means that programmer ‘‘sensitives’’ are 
a thing of the past. In contrast, poorly processed 
fuse links in a bipolar PLD - which might require 
a higher current to program - can combine with a 
weak programmer (low current sourcing) to 
produce poor fusing characteristics. If proper fuse 
gapping is not achieved 100% of the time, relia- 
bility problems will arise. With fuse link technolo- 
gy, reliability can often be a function of 
programming hardware; with SGS-THOMSON 
E2CMOS cells, reliability is inherent. Once 
programmed, the GAL device is programmed for 
life (unless, of course, the user decides to erase 
and program it again). 


Figure 24. Standard Product Manufacturing Flow 
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Testing GAL Devices 


The GAL device standard manufacturing flow 
(figure 24) has been designed to test and stress 
100% of the device circuitry over the full commer- 
cial or military temperature operating range. Only 
with E2CMOS technology is such an objective 
realizable, and SGS-THOMSON is one of few PLD 
manufacturers able to make that claim. To 
thoroughly check the GAL device, its circuits are 
partioned into four sections, each of which is sub- 
jected to a specific test routine. 
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As shown in the GAL16V8 block diagram of figure 
25, the four sections are: Input logic, Output Logic 
Macrocell (OLMC), E2CMOS cell array, and 
programming circuitry. The parameters and specifi- 
cations of each of the four sections are thoroughly 
validated, as described in the following paragraphs. 


Figure 25. GAL Device Block Diagram 
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Figure 26. Basic Function Test Coverage 
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DC Parameters 


All DC parameters are measured twice, with am- 
ple guardbands: during die-probing at the wafer lev- 
el, and after the GAL devices are packaged. Tests 
include input leakage, I/O leakage, stand-by cur- 
rent, Vit, Vin; VoL; lot; lon, and Von - all meas- 
ured under worst-case bias conditions at both 
temperature (either commercial or military) and vol- 
tage limits. 


Basic Function 


Basic functional testing verifies that the E2-CMOS 
cell array and all programming circuitry is opera- 
tional. Timings and levels associated with serial- 
shift register operation and array-addressing are 
used in conjunction with several data patterns to 
detect any array defects. During basic function test- 
ing the opportunity is also taken to test other GAL 
device features, such as register preload and 
power-on reset. The tinted region of figure 26 indi- 
cates the areas of basic function test coverage. 


AC Performance 


Since GAL device performance is taken very seri- 
ously, triple guardbands are used (voltage, timing 
and temperature) to ensure that device performace 
is well within specifications. 

Every timing specification is strictly tested, using 
worst-case patterns for each architectural config- 
uration. By AC testing with different architectures, 
every AC path of the Output Logic Macrocell is test- 
ed. With AC performance testing, input logic and 
I/O feedback are verified, as is the AC integrity of 
the array. Figure 27 highlights the portions of the 
GAL16V8 tested in this step. Note that the patterns 
used for AC verification are placed into the normal 
array; no test rows or columns are used. In fact, 
so extensive is the testing performed on units pri- 
or to leaving the factory that SGS-THOMSON 
guarantees 100% AC yields. 


Figure 27. AC Performances Test Coverage 
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Active Power 


For the GAL device power measurement, operat- 
ing current is maximized through use of a pattern 
that combines standby current an peak transient 
power. The device is tested with an asynchronous 
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(16L8 type) architecture to take advantage of all 
available outputs. Eight inputs are cycled at a fre- 
quency in excess of 15MHz, while the supply vol- 
tage is maintained at its upper limit. 

(Most applications will require as a little as half the 
power demanded by the above pattern). 


Reliability 


To optimize GAL device reliability, two special test 
features were incorporated into the GAL family: 
margin testing and internal verify. Margin testing 
provides the ability to individually measure the 
charge content of each cell, and is used primarily 
for two evaluations: 


1) To measure each cell after programming, and 
thereby verify that sufficient voltage margin has 
been attained; 


2) To measure cell charge before and after a high 
temperature stress, and thereby identify weak cells 
that would likely exhibit poor retention charac- 
teristics. 

Internal verify provides the ability to monitor the vol- 
tage and current on internal nodes. 
Stress-induced changes can be identified through 
internal verify, and a primary use of this feature is 
to monitor internal circuit nodes before and after 
a high voltage dynamic stress. Small changes in 
internal characteristics often forewarn premature 
circuit fatigue. 

With the implementation of margin test and inter- 
nal verify, reliability screens are made more effec- 
tive. Used in conjunction with a dynamic and static 
stress, these two device features ensure depend- 
able circuit operation and rock-solid E2CMOS cell 
retention. 


Quality 


To promote quality in the SGS-THOMSON GAL 
products, strict policies and procedures for 
manufacturing are closely adhered to. Electrostatic- 
discharge (ESD) levels are continuously monitored 
on samples taken at each manufacturing step. 
100% actual step test, using generous guardbands 
in temperature, timings, signal levels and supply 
voltage, guarantees that all shipped material meets 
published specifications. 


Testability, Quality and reliability were foremost 
obiectives during the design, development and 
manufacturing of the GAL family. 

The time and energy expended on this product in- 
deed support that 100% programming and func- 
tional yield are hard-earned facts-not just claims. 


POWER CONSIDERATION 


Beginning with an understanding of some fun- 
damental power-consumption characteristics of 
bipolar and CMOS circuit technologies, a technique 
can be developed that allows system designers to 
accurately predict typical and worst-case power 
consumption of GAL devices in a specific applica- 
tion. Here, we investigate the components of GAL 
device power consumption - and its dependence 
on the programming pattern - to develop such a 
structured technique. 


Power consumption in integrated circuits comprises 
of two fundamental components: A static (DC) com- 
ponent and a dynamic (AC) component. The total 
power consumed by an integrated circuit in a sys- 
tem is simply the sum of these two components: 


Pp=Ppac+Pppc 
=(Velac) +(V*ipc) 
=V (lac+!pc) 


where: Pp is the total power dissipation, lac is the 
dynamic (switching) current consumption, Ipc is 
the static (standby) current consumption, and V is 
the operating supply voltage. 

Dividing both sides by the operating voltage (V) 
yields the total current: 


ICC(TOTAL) =!ac + Ipc 
The lac term can be further simplified: 


dQac dV dV 
| = —_—_= —= 
iC = CTOTAL ai (C_ + CEQ) a 
where C, is the total output load capacitance be- 
ing driven by the integrated circuit, CEg is the to- 
tal equivalent capacitance presented to the system 
by the integrated circuit due to the internal device 
nodes being charged and discharged during 
switching, dV is equal to the supply voltage, and 
dt=1/f (where f=switching frequency in Hz). 
Therefore: 


lac =(CL+ CEQ)Vf 
ICC(TOTAL) = (CL+CeEQq) Vf+!bc 


It can be seen that Ipc is a constant, while lac is 
linear with respect to frequency, voltage, and load 
capacitance. In order to simplify the following dis- 
cussion. We can assume an unloaded integrated 
circuit and set Ci =O. We are now left with the 
equivalent capacitance (CEQ) presented to the sys- 
tem by the integrated circuit: 


ICc(TOTAL) = Ceq Vf+Ipc 
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Bipolar integrated circuits have historically been 
dominated by the Ipc term and have, therefore, ig- 
nored the lac term (commonly referred to as the 
’CVf’ term.) With the advent of bipolar technolo- 
gies capable of attaining operating frequencies of 
50-100 MHz, this “‘CVf’’ term is no longer negligi- 
ble. Of couse, when considering high-performance 
CMOS technologies, this CVf term is often the 
dominant component of total Ioc. In fact, many 
CMOS devices now separate these two compo- 
nents out and supply separate specifications: 


IsB=Icc standby (or Ipc specified in mA) 
lac=‘‘CVf’ component of Icc (in mMA/MHz) 


The intent is to allow a designer to determine the 
total I¢c of a specific IC in a specific application. 
Programmable Logic Devices (both bipolar and 
CMOS) have complicated matters for the users and 
manufacturers of these devices, owing to their in- 
herent configurability. Each unique PLD pattern 
may generate significantly different values for both 
Isp and CVf power, depending on the functions 
and features utilized in each application. The 
SGS-THOMSON GAL device family has been 
thoroughly characterized in terms of both of these 
components, in order to provide a simple and ac- 
curate technique for estimating total Icc in a 
specific application. 


Separating Isp and lac Components 


Each GAL device can be divided into two distinct 
areas of circuitry: one that consumes DC power and 
one that doesn’t. The high-speed single ended 
sense amplifier section consumes DC power (Isp) 
to attain perfomance through its ability to sense and 
amplify internal signal swings of as little as 50mV 
to full-supply-level logic signals. (Additionally, the 
oscillator circuitry that generates the negative sub- 
strate bias contributes about 2 mA to Isp.) 

All remaining circuitry is 100% CMOS technology, 
which essentially generates no Isp component. 
This circuitry includes input buffers, row drivers, 
output logic macrocells, and output drivers. While 
contributing negigible Isp these circuits have 
direct and measurable contributions to CEq Vf 
current. 


Standby current (Isp) 


E2CMOS GAL devices employ a high-speed sense 
amplifier on each product term in the array. Each 
sense amplifier typically consumes ~560zA of 
standby bias current. On a GAL 16V8 there are 
sixty-four product terms, such that a typical Isp 
contribution is: 


(64 PT) (0.56 mA/PT) =36mA 


Adding the 2mA for the oscillator circuit yields: 
Total Isp = 36mMA + 2mA=38mA 


Due to variations in wafer fabrication process 
parameters, this “‘typical’’ number will vary approx- 
imately + 20%. This variation of typical Isp versus 
process parametric spread at 5.25V and 25°C is 
illustrated in Figure 28 for both half-power GAL 
devices. 


Ceq Vf Current (lac) 


Due to the use of E2CMOS technology, each of the 
many different paths and functions available to a 
system designer contributes to the CEq Vf current 
only when actively switching. 


To accurately estimate this CeEq Vf current in a 
GAL device requires partitioning it into independent 
fundamental components that can be treated 
separately, then added together for a net contri- 
bution. There are basically three distinct circuit 
areas that contribute to Ceg Vf current: 
1) Switching input and I/O buffers (includes rows 
in the array) 
2) Switching product terms (Columns in the array) 
3) Switching output logic macrocells and output 
drivers 
Each of these circuit blocks represents a signifi- 
cant capacitance that must be charged or dis- 
charged each time it switches logic states. The 
Ceq Vf current may be expressed as the sum of 
these components: 


CeQVi = (Cy + Co + C3) Vi 
=(C1V + CoV + C3V)f 


Where Cj, Co, C3 refer to equivalent capacitances 
for the above-referenced components. 

Each of the three CVf components has been 
characterized as a function of frequency and 
provided for reference in Figure 29,30 and 31. 
Figure 29 provides lac characteristics as a func- 
tion of the number of switching device input or I/O 
pins. Figure 3 illustrates the lac characteristics as 
a function of the number of switching product 
terms. Finally, Figure 31 provides lac characteris- 
tics as a function of the number of switching out- 
puts. Table 2 provides a summary of these 
components. 


Table 2. Summary of AC Current Components 
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Figure 28. Standby Current vs Process Parameters 
50 


Isp (mA) 


15 
BEST-CASE 
PROCESS 


TYPICAL 


PROCESS 
WAFER FABRICATION PROCESS PARAMETRICS 


Figure 29. AC Current vs. Inputs Switching 
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Figure 30. AC Current vs. Product terms Switching 
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Figure 31. AC Current vs. Outputs Switching 
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It now becomes a simple task to calculate total Icc 
for a specific application by merely summing the 
components, according to the following equation: 


ICC(TOTAL) = !sp + (Ci VI + CoVP + CgVO)f 


where |= # of switching inputs 
P= # of switching product terms 
O= # of switching outputs 


To try a specific example, consider a typical 1OMHz 
application of a half-power GAL 16V8. A system 
application may utilize eight inputs, four outputs, 
two I/Os, with sixteen product terms utilized. Sub- 
stituting into the equation yields: 


leccroTaL) = 38MA + [(30zA/MHz)(8) + (7uA/MHz)(16) + 
(100,A/MHz)(4) + (40nA/MHz)(2)]10 MHz 


= 38mA + (240nA/MHz + 112nA/MHz + 
400pA/MHz + 80pA/MHz) 10MHz 


= 38mA + (832nA/MHz) 10MHz 
= 38mA+8.32mA 
= 46.32mA 


This is significantly less than the data sheet specifi- 
cation of 90mA. There are three considerations 
which explain this discrepancy: 

1) This application is a 10MHz application. The data 
sheet specifies I¢c at 15MHz. 

2) This application does not use all inputs and I/Os, 
all product terms, and all outputs. The ‘‘CVf’’ com- 
ponent of Icc is, therefore, significantly reduced. 
3) The effects of temperature have not yet been 
included. Figure 32 provides normalized Icc as a 
function of ambiente temperature (normalized to 
25° C). To calculate the worst-case power for the 
example above at — 55°C requires multiplying by 
the temperature coefficient O7: 


ICC(TOTAL, WORST CASE) = !CC(TYPICAL)* OT 
= (46.32mA) (1.19) 


=55.1mA 


Now, for illustration, look at the worst-case Icoc 
possible on a half-power GAL device. This requires: 


Ta= —55°C 

#of switching inputs = 8 
#of switching l/O=8 

#0f switching PTs=64 
#of switching outputs = 8 
System frequency = 15MHz 


Plugging into the equation yields: 


ICCCTOTAL) = (48mA + [(80nA/MHZ2)(8) + (72A/MHz) 
(64) + (100nA/MHz)(8) + (40nA/MHz)(8)] 
15MHz)1.19 
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= (48mA + [240nA/MHz + 448pA/MHz + 
800nA/MHz + 320nA/MHz] 15MHz) 1.19 


=(48mA + 27.1mA)1.19 
=(75.1mA)(1.19) = 89.37mA 


This is quite close to the maximum Icc of 9OmA 
quoted on the data sheet. 

It is now a simple task to generate a chart that 
graphically compares the total operating Icc of 
GAL devices with that of bipolar PLDs. The follow- 
ing scenarios are illustrated in Figure 33: 


A) Bipolar ‘‘A-PAL’’ operating Icc 

B) Half-power GAL 16V8 with a “‘typical’”’ pattern 
C) Half-power GAL 16V8 with a ‘worst case” 
pattern 

D) Quarter-power GAL 16V8 woth a ‘“'typical- 
“pattern. 

Only room-temperature curves are illustrated, as 
both bipolar PLDs and E2CMOS GAL devices have 
similar temperature coefficients for Icc. It can be 
seen that the half-power GAL16V8 significantly out- 
performs the bipolar PLD in terms of operating Icoc 
(by typically 90mA per device during stanbdy, and 
by 75mA per device at 30MHz). 


Figure 32. Normalized Current vs. Temperature 
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Figure 33. PLD Current vs. Frequency 
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LATCH-UP PROTECTION 


Latch-up is destructive bipolar-device action that 
can potentially occur in any CMOS-processed 
device. It is characterized by extreme runaway sup- 
ply current and consequential smoking plastic 
packages. Latch-up is peculiar to CMOS technol- 
ogy, which integrates both P and N channel tran- 
sistors on one chip. 


In the doping profile of a CMOS inverter, parasitic 
bipolar (PNPN) silicon-controlled-rectifier (SCR) 
structures are formed. Figure 34 shows the process 
cross section of a CMOS inverter, as well as the 
bipolar components to the parasitic SCR structure. 
In steady-state conditions, the SCR structure re- 
mains off. Destruction results when stray current 
injects into the base of either Q; or Qa in Fig. 34. 


The current is amplified with regenerative feedback 
(assuming that the beta product of Qy and Qo is 
greater than unity), driving both Qy and Qo into 
saturation and effectively turning on the SCR struc- 
ture between the device supply and ground. With 
the parasitic SCR on, the CMOS inverter quickly 
becomes a nonrecoverable short circuit; metal 
trace lines melt and the device becomes perma- 
nently demages. 


Causes of Latch-Up 


It has been explained that parasitic bipolar SCR 
structures are inherent in CMOS processing. If trig- 
gered, the SCR forms a very low-impedance path 
from the device supply to the substrate, resulting 
in the destructive event. Two conditions are neces- 
sary for the SCR to turn on: The beta product of 
Q; and Qo must be greater than unity, which, 
although minimized, is usually the case; and a trig- 
ger current must be present. 


The cause of latch-up is best understood by ex- 
amining the mechanisms that produce the initial 
injection current to trigger the SCR network. Figure 
35 is a schematic of the parasitic bipolar network 
present in a CMOS inverter, where node “‘b’’ is the 
inverter output. It can be seen that two events might 
trigger latch-up: 1) The inverter output could over- 
shoot the device supply, thereby turning on Q3 and 
injecting current directly into the base of Qo; and 
2) the inverter output could undershoot the device 
ground, turning on Qo immediately. However, a 
third condition could also trigger latch-up: if the sup- 
ply voltage to the P+diffusion were to rise more 
quickly than the N-well bias, Q; could turn on. Wi- 
thin the device circuitry, overshoot and undershoot 
can be controlled by design. A problem area ex- 
ists at the device inputs, outputs and I/Os because 
external conditions are not always perfect. Power- 
ing up can also be a potential problem because of 
unknown bias conditions that may arise. 
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With CMOS processing the possibily of latch-up is 
always present. The major causes of latch-up are 
understood and it is clear that if CMOS is to be 
used, solutions to latch-up will have to be created. 
As the technology evolves, solutions to latch-up are 
becoming more creative. 


Figure 34. CMOS Inverter Cross-Section 


Figure 35. Parasitic SCR Schematic 
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Approach to Eleminate Latch-Up 


The intent of the GAL family was to implement cost- 
effective solutions to each major cause of latch-up. 
The goal was met through three device features. 


The most susceptible areas for latch-up are the 
device inputs, outputs and I/Os. Extreme externally 
applied voltages may cause a P+N junction to 
forward-bias, leading to latch-up. 


To prevent latch-up by large positive swings on the 
device inputs, ESD protections don’t use P + diffu- 
sion diode connected to Vcc to safe device out- 
puts or I/O pins, NMOS output drivers were used. 
This eliminates the possibility of turning on Q3 
(Figure 35) with an output bias in excess of the 
device supply voltage. Figure 36 contains the ef- 
fective NMOS output driver and its switching 
characteristics. Note that the output does not fully 
reach the supply voltage, but still provides ade- 
quate Von margin for TTL compatibility. 


To prevent negative swings on device input, out- 
put and I/O pins from forward-biasing the base- 
emitter junction of Qo, a substrate-bias generator 
was employed. By producing a Vsyp of approxi- 
mately — 2.5V, undershoot margin is increased to 
about —38V. 


Figure 36. NMOS Output Driver 
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To insure that non undesired bias conditions oc- 
cur with P+ diffusions, SGS-THOMSON has de- 
veloped the power-up circuitry, illustrated in Figure 
37. In short, the drain of all P channel devices nor- 
mally connected to the device supply, are now con- 
nected to an alternate supply that powers up after 
the device N-wells have been biased and the sub- 
strate has reached its negative clamp value. This 
prevents any hazardous bias conditions from de- 
veloping in the power-up sequence. After power- 
up is complete, the power-up circuitry becomes dor- 
mant until a full power-down has occurred; this 
eliminates the chance of an unwanted P channel 
power-down during device operation. 
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TECHNOLOGY AND TECHNICAL OVERVIEW 


Figure 37. Power-Up Circuitry 
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SGS-THOMS 
MICROELECTRONICS 


To determine the amount of latch-up immunity 
achieved with the three device features utilized in 
the GAL family, an intensive investigation was car- 
ried out. Each step was conducted at 25° and 
100°C; inputs, outputs, and I/Os were sequential- 
ly forced to —8V and +12V while the device un- 
derwent fast and slow power-ups; devices were 
repeatedly ‘‘hot-socket’’ switched with up to 7.0V. 


Even under the extreme conditions specified, no 
instance of latch-up, occured. In attempt to provoke 
latch-up +50mA was forced into each output and 
I/O pin. The device output drivers were damaged 
in the battle, and still latch-up was not induced. 


Based on the data, it is evident that the GAL fami- 
ly is completely immune to latch-up, even when 
subjected to a wide variety of extreme conditions, 
including current at inputs, outputs, and 1/Os, 
power-supply rise time, hot-socket power-up and 
temperature. 
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QUALITY PROGRAM 

The quality and reliability of a product depend on 
a range of activities starting from the conception 
and design of a new product through to the produc- 
tion shipment and the follow-up given to the 
customer. 


It is well known that reliability must be designed 
into the product and the process. 


But to manufacture consistently reliable high quality 
products, SGS-THOMSON believes that it is essen- 
tial for everyone in the company to appreciate the 
importance of maintaining and improving the lev- 
els of Quality and Reliability. 


SGS-THOMSON has adopted a “Total Quality Con- 
trol’”’ approach which means that different depart- 
ments mustworktogether withthe aim of improving 
Quality. With this approach potential problems can 
be solved at the stage where they arise, so that 
defects are not passed on the finished product. 


Total Quality Control assures the prevention of 
quality problems rather than simply eliminating 
defective finished products. 


The customer benefits from this approach becau- 
se it guarantees better quality and reliability and 
reduces costs. 


Reliability 


Semiconductor devices must function normally in 
a stable manner throughout the specified life of the 
product. 


SGS-THOMSON therefore takes meticulous care 
in the design and manufacturing stages and ana- 
lyzes the different factors that effect the Reliabili- 
ty of semiconductors. 


Component reliability is described in quantitative 
terms by measuring the failure rate as a function 
of time. 


The failure rate distribution of a typical device fol- 
lows the familiar bathtub curve shown in Fig. 1. 
This curve is divided into three zones. 


Zone A covers the so called “‘infant mortality” peri- 
od. The predominant failure mechanism are relat- 
ed to assembly defects. Actions and checks 
throughtout the process allow SGS-THOMSON to 
reduce infant mortality failure. 


Zone B represents the random failure portion of the 
curve related to the useful life of the device. This 
duration, generally very long, depends on the ap- 
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In Zone C there are wearout mechanism resulting 
in parametric and catastrophic failures. 


Fig. 1 - Failure rate distribution curve 


d (Failure rate) 


Reliability testing 


There are two types of reliability tests: those per- 
formed during design and development and those 
carried out in production. The first type is usually 
performed on a small sample but for long periods 
of time under highly accelerated conditions in order 
to investigate wearout failures and to determine 
tolerances and limits of the design. The second 
type of tests are performed periodically during 
production to check, maintain and improve the as- 
sured Quality and Reliability levels. All reliability 
tests performed by SGS-THOMSON are under 
more severe conditions than those met in the field. 
These conditions although accelerated, are chos- 
en to simulate stresses that devices are subjected 
to in actual operation, and care is taken to ensure 
that the failure modes are unchanged. 


Accelerated tests 


Through accelerated stress it is possible to evalu- 
ate the failure rates of the components, as a per- 
centage of devices expected to fail every 1000 
hours under test conditions. Derating the data at 
different conditions, we can estimate the life ex- 
pectancy under acual operating conditions. In its 
simplest form the failure rate (F.R.) under given 
conditions is: 


N=No of failures 


plied stresses such as temperature, voltage, and F.R.= N where D=No of devices 
power, etc. DH H = No of testing hours 
fy7 SGS-TH MSON 
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If we intend to determine the failure rate under dif- 
ferent conditions an acceleration factor must be 
considered. Data obtained for device families un- 
der accelerated conditions give a relationship bet- 
ween the stress applied and failure rate that is 
supported by data collected in the field. Data col- 
lected from operating life tests performed at high 
temperature are derated for normal operating con- 
ditions and the failure rate may be estimated with 
sufficient accuracy. 


Fig. 2 - Life-Hours 
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Figure 2 shows temperature derating curves and 
the multiplying factors for temperature reduction 
based on the assumption of the Arrhenius law: 


F.R. = Ae-EalKTj (1) 
A =Constant 
K =Boltzman’s constant 


Ea= Activation energy 
tj} =Absolute temperature 


For two different temp. F.R.(T4) =F(1T4, To) F-R.(T9) 


from (1) it is: F(Ty, To)= 


Activation energies are in the range 0.3 to 0.6 eV 
(typically 0.44 eV) for infant mortality failures and 
0.6 to 1.4 eV (typically 1 eV) for random failures. 


PPM (Results and targets) 

As a consequence of its quality improvement pro- 
grammes SGS-THOMSON has continually impro- 
ved outgoing quality and is pursuing ambitious 
quality targets. 


PPM values and targets for cumulative electri- 
cal failures* (inoperative mechanical included) 


YEAR 1987 1988 1989 1990 
jpem | 75 | 40 | 25 | 10+20 


* Values referred to the end of years. 


Field Programmable Logic Devices (FPLD) 


Visual and 
mechanical 
inspection 


Cumulative 
electrical and 
inoperative 
mechanical 
failures 


- 0.065 for SMD (Surface Mounted Devices) 


- Guaranteed temperatur range: 
according to SGS-THOMSON data books. 
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Product qualification 


A “‘no compromise’”’ strategy was adopted at each 
stage of production from development to prepro- 
duction, to full production stage; quality and relia- 
bility were always priority targets. 


We have envisaged 3 main check points: 


1. project validation at design stage 
2. prototypes qualification 
3. final product qualification. 


At design stage CAD tools (for simulation and de- 
sign rule checks) and quality council meeting are 
used for continuous monitoring of quality aspects 
of the circuits. 


Prototypes qualification is performed by means of 
an agreed and fixed set of tests for reliability and 
product characterization. 


QUALITY AND RELIABILITY 


The final outputs are: 

a) circuit characterization manual 

b) circuit qualification report 

c) failure analysis reports (when needed). 
See below for operative data and flow. 


Finally product qualification at production stage is 
obtained with a set of reliability tests mainly based 
upon: 


d) accelerated temperature life tests 

e) high temperature storage 

f) temperature-humidity accelerated conditions 

g) high voltage stresses (inputs-outputs 
protection, latch-up). 


Both circuit and process parameters are monitored. 


FLOW OF ACTIVITIES 


High Temperature Bias 
High Temperature Storage 
Temperature-Humidity Bias 
Pressure Cooker 
Input/Outputs protections 


Circuit 
Characterization 


Same test group as per preliminary qualifi- 
cation plus technology parameter drift (thre- 
shold voltages, currents, etc) at extended 
time periods, and group B, C, D tests 


Electrical 
Evaluation 


Specifications 


Development 
Project 
Validation 


Prototypes 
Preparation 


Preliminary 
Qualification 


Reliability 
Test 
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WAFER FAB STANDARD PRODUCTION PROCESS FLOW CHART 
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Key: 


100% operation/screening 
In-process contro! (monitor) 


Q. A. Gate inspection (sample acceptance) 


Material Inspection 
Starting materials are inspected following written 
specifications and records are maintained for traceability. 


Wafer fabrication 
Masking, etching, diffusion and metallization processes 
produce finished dice in wafer form. 


In-process control 
Wafers and process environment are inspected 
at the main process steps. 


Electrical wafer sort (probing) 
Each die is electrically tested and identified 
when it doesn’t meet the electrical requirements. 


Finished wafer inspection 
Active surface and back finish are inspected on each 
diffusion lot before release for die fab and assembly. 


Assembly 
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QUALITY INSPECTIONS/MONITORS DURING WAFER FABRICATION 


The Table emphasizes the most important fabrication steps with the relevant Quality inspections/moni- 
tors performed. 


PROCESS STEPS IN-PROCESS INSPECTIONS/MONITORS 


OXIDATION — Visual 
— Thickness 


DEPOSITION: Nitride, 
BPSG, PSG, Poly Si 


PHOTO LITHOGRAPHY 


ETCHING 


DOPING BY IMPLANT 
(P, As, B) 


DOPING BY DIFFUSION 
(POCI3,) 


METALLIZATION 


PASSIVATION 


BACK FINISHING 


ELECTRICAL 
CHARACTERIZATION 


WAFER INSPECTION 


CV plot (Stability of ionic concentration and contamination control) 


Visual 
Thickness 
Doping content 


Mask and wafer cleanliness 
Visual (alignment and focusing accuracy) 
Critical dimensions 


Visual (quality of etching and wafer cleanliness) 
Critical dimensions 


Sheet resistance (dose and implant uniformity) 
Sheet resistance 
Thickness 


CV plot (Stability of ionic concentration and contamination control) 


Visual 


— SEM (step coverage and film quality) 
— Thickness 


CV plot (stability of ionic concentration and contamination control) 


Thickness 

Phosphorus concentration 

Passivation integrity (density of pinholes and cracks) 
Visual 


Wafer thickness 

Threshold voltage 

Electrical Characteristics: 

e.g.: leakage current, breakdown voltage, resistivity, etc. 


Visual (microscope and/or laser surface inspection system) 
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ASSEMBLY STANDARD PRODUCTION PROCESS FLOW CHART 


Hermetic 
package 


Key 


100% operation/screening 


In-process control (monitor) 


Q. A. Gate inspection (sample acceptance) 


Moulded 
package 
Material inspection 
Wafers are separated into 
individual dice and electrical 
rejects are removed 


Visual screening* 
Dice are inspected and 
selected at high 
mangification. 


Quality inspection 
Each dice lot is accepted 
before assembly (visual 
inspection of active surface). 


Die attach 


Quality control 
Daily visual and mechanical 
control (die shear strength). 


Wire bond 


Quality control 
Daily visual and mechanical 
control (bond strength). 


Precap visual* 
Assembled but unsealed 
units are individually 
inspected at low and high 
power magnifications. 


Quality inspection 
Each lot is accepted before 
sealing to verify compilance 

to precap inspection 

specifications. 


Sealing 
Vacuum prebake and high 
temperature final seal 


Shipping 


Moulding and stabilization 
bake 


Sealing atmosphere 
control 


Seal and lid torque 
control 


Trim & Form and Lead 
finish 


Solderability inspection 


Internal water-vapor 
content control 


Final bake 
Raw line inspection 


Marking and Electrical 
Testing 


Group A Inspection 
(Finished products) 


Group B, C and D tests** 


Packing 


Packing and 
documentation inspection 


* Omitted when the intrinsic quality meets the specified quality level. 


** For non military products, these reliability tests can be performed after step 23 on 100% electrically tested samples 
(when requested). 
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QUALITY TESTS DURING ASSEMBLY PROCESS 


steps 


QUALITY CONTROL 
(die attach) 


QUALITY CONTROL 
(bonding) 


QUALITY INSPECTION 
(precap) 
SEALING 


ATMOSPHERE 
CONTROL 


SEAL CONTROL 


LID TORQUE 
CONTROL 


SOLDERABILITY 
INSPECTION 


INTERNAL WATER 
VAPOR CONTENT 
CONTROL 


FINAL BAKE 


RAW LINE 
INSPECTION 


— MIL STD 883C Method 2010 cond. B (internal visual) and Method 
2019 (die shear strength) 


— MIL STD 883C Method 2010 cond. B (internal visual) and Method 
2011 cond. D (bond strength) 


— MIL STD 883C Method 2010 cond. B (internal visual) 


Moisture content: 
< 200 ppm for Ceramic packages 


Fine Leak: 


— MIL STD 883C Method 1014 cond. A1 
Helium leak detector after pressurization in He for 2 h at 4.2 atm 


Limit: 5 » 10-8 cc/s for ICV* < 0.4 cc 
2.10’ cce/s for ICV > 0.4 cc 


* ICV = internal cavity volume 


Gross Leak 


— MIL STD 883C Method 1014 cond. C1 (fluorocarbon gross leak) 
5 Torr vacuum for 1h followed by pressurization of the devices 
immersed in mineral oil at 4.2 atm for 2h, and subsequent immersion 
in mineral oil at Ta = 125°C 


Ceramic packages only 
MIL STD 883C Method 2024 
(e.g. 2 60 kg + cm for seal area values between 1.41 and 1.73 cm2) 


— MIL STD 8838C Method 2003 
Soldering temperature 245 + 5°C for 5 + 0.5 sec. with precondi- 
tioning of 1h (1) above boiling distilled water and 5 to 10 sec. in rosin 
base flux 


Dew Point method MIL STD 883C Method 1018 procedure 3 
5000 ppm max (dew point temperature less than — 15°C) 
Ceramic packages only. 


For SMD only (according to internal specifications) 


External Visual 
MIL STD 883C Method 2009 


Note: at this step some reliability tests (pressure pot, temperature 
cycling, life test etc.) are performed as a monitor, generally on a weekly 
basis, to have fast feedback on process behaviour (Real Time Control 
Tests) 
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QUALITY TESTS DURING ASSEMBLY PROCESS (Continued) 


steps 


GROUP A — See page 200 
INSPECTION 


GROUPS B, C AND D Performed on the product family representative types (by rotation); the 
TESTS results are extended to all the other devices of the same family 
according to the structure similarity concept 


PACKING AND Inspection for: 
DOCUMENTATION — right quantity 
INSPECTION right type 

right boxing 

right labelling 

right documentation 

various 


(1) This preconditioning is going to be substituted by 8h as per MIL-STD-883 C requirements 
Please consult our sales organization for any further information. 


GROUPS B, C AND D RELIABILITY TESTS 
Every week or every 3 months on raw line material and/or finished products 


MIL-STD-883 C 


Condition 


SUBGROUP 1 
physical dimensions Major dimensions according to data sheet 2 devices 
(no failure) 


SUBGROUP 2 (1) 

resistance to solvents 1 minute immersion in solvent solution followed by 10 4 devices 
strokes with a soft brush (the procedure shall be repeated (no failure) 
3 times) solvent solution 2.1a only for moulded packages. 


SUBGROUP 3 (1) 


solderability (*) Soldering temperature 245 + 5°C for 5 + 0.5 sec. with 
preconditioning of 1 h above boiling distilled water and 5 to 
10 sec. in rosin base flux 


SUBGROUP 4 
high temperature 1000 h at Ta = 125°C, Vec_ 55 y 
operating life test —< 


high temperature 1000 h at Ta= 150°C Voc =5.5V 
retention high VT 


high temperature 1000 h at Ta= 150°C Voc =5.5V 
retention low VT 


extended endurance 1000 cycles Ta=25°C Voc 5.5V 


(1) Performed weekly on finished product 
(*) See note 1 page 206 
(**) Different samples for each test. 
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GROUPS B, C AND D RELIABILITY TESTS (Continued) 
Every week or every 3 months on raw line material and/or finished products 


SUBGROUP 5 
(hermetic packages only) 
temperature cycling 


constant acceleration 


seal 
- fine 
- gross 


end-point electrical 
parameters 


SUBGROUP 6 (1) 
(moulded packages only) 


pressure pot 


end-point electrical 
parameters 


SUBGROUP 7 (1) 
(moulded packages only) 


HAST (Highly Accelerated 
Stress Test) 


SUBGROUP 8 
(hermetic packages only) 


seal 
- fine 
- gross 


thermal shock 


seal 
- fine 
- gross 


end-point electrical 
parameters 


(1) Performed weekly on finished product 


MIL-STD-883 C 


Condition 


test condition C (10 cycles Ta = —65°C to +150°C); 
10 minutes at temperature extremes; recovery time max 15 
minutes after 1 minute max transfer time 


test condition E (80000 g) Y1 orientation only (2) 


test condition A1 


test condition Ci (See step 18 pag. 205) 


as specified in the applicable device specification 


Ta= 121°C, 2 atm, 168 h minimum 


as specified in the applicable device specification 


130°C -85% RH with bias t= 48 h according to detail 
specification 


as specified in the applicable device specification 


test condition A1 
test condition C1 (See SteP 18 pag. 205) 


test condition B, 60 cycles (Ta= -—55°C to + 125°C) 
5 minutes at temperature extremes 
transfer time < 10 sec. 


test condition A1 


test condition Ci (See SteP 18 pag. 205) 


as specified in the applicable device specification 


(2) 20000 g for packages with cavity perimeter of 5 cm or more and for with a mass of 5 grams or more 
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GROUPS B, C AND D RELIABILITY TESTS 
Every 6 months on raw line material and/or finished products 


SUBGROUP 1 
lead integrity 


seal 

(hermetic packages only) 
- fine 

- gross 


SUBGROUP 2 
(hermetic packages only) 
thermal shock 


temperature cycling 


moisture resistance 


seal 
- fine 
- gross 


visual examination 


end-point electrical 
parameters 


SUBGROUP 3 
(hermetic packages only) 


mechanical shock 


vibration, variable 
frequency 


constant acceleration (1) 
seal 

- fine 

- gross 


visual examination 


end-point electrical 
parameters 
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MIL-STD-883 C 


Condition 


test condition B2 (lead fatigue) 

- dual-in-line moulded packages; three leads shall 
be bent, 3 times, simultaneouslY for at least 15° 
permanent bend, returning then to the original position 


test condition A1 


test condition C1 (see step 18 pag. 205) 


test condition B; 15 cycles (Ta = —55°C to +125°C) 
5 minutes at temperature extremes 
transfer time < 10 sec. 


test condition C; 100 cycles (Ta = —65°C to + 150°C) 
10 minutes at temperature extremes; recovery time max 15 
minutes after 1 minute max transfer time 


Lead bend stress initial conditioning followed by 10 cycles 
of 24h; Ta = 25°C to 65°C 


RH = 80% to 100% 
one 3h cycle at Ta = —10°C 


test condition A1 
test condition C1 (8&2 Step 18 pag. 205) 
per visual criteria of method 1004 and 1010 


as specified in the applicable device specification 


test condition B; 1500 g - 0.5 msec. - 5 blows in each of 
the 6 orientations - not operating 


test condition A; 20 g - 3 orientations f = 20 to 2000 cps; 
four 4 minutes cycles; 
48 minutes total - not operating 


test condition E (30000 g), Y1 orientation only 


test condition A1 


test condition C1 See Step 18 pag. 205) 


per visual criteria of Method 1011 or 1010 


as specified in the applicable device specification 
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GROUPS B, C AND D RELIABILITY TESTS 
Every 6 months on raw line material and/or finished products (continued) 


MIL-STD-883 C 
Test 


Condition 


SUBGROUP 4 

salt atmosphere 1009 | test condition A; 10 to 50 gr of NaCl per square meter per 
day for 24 h at Ta = 35°C 

seal 1014 

(hermetic packages only) 

- fine : test condition A1 

- gross test condition C1 (See step 18 pag. 205) 

visual examination per visual criteria of method 1009 


SUBGROUP 5 

(moulded packages only) 

temperature cycling 1010 | test condition C; 100 cycles (Ta = —65 to + 150°C 
10 minutes at temperature extremes; recovery time max 15 
minutes after 1 minute max transfer time 

visual examination per visual criteria of Method 1010 


end-point electrical 
parameters 


SUBGROUP 6 
(moulded packages only) 
humidity test CECC | 85°C/85% RH with bias, t = 1000h 
90000 | according to detail specification 
end-point electrical as specified in the applicable device specification; 


parameters measurements at 0, 168, 500 and 1000 h 


SUBGROUP 7 3 devices 

(hermetic packages only) 0 failures 
or 

internal water-vapor content} 1018 | dew point method-procedure 3 (5000 ppm max) 5 devices 


1 failure 
SUBGROUP 8 
(ceramic packages only) 
lid torque (3) 2024 | (see step 18 pag. 205) 


(2) 
1) 20000 g for packages with cavity perimeter of 5 cm or more and/or mass of 5 grams or more. 
2) Test three devices if one fails test two additional devices with no failure. 
3) lid torque test shall apply only to packages which use a glass-frit seal to lead frame, lead or package body (i.e. where- 
ver frit seal establishes hermeticity or package integrity) 


as specified in the applicable device specification 
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GROUPS B, C AND D RELIABILITY TESTS 
Additional tests done during qualification: 


pte _— 
Test 


3015 | C=100 pF R=1.5KO 


Electrostatic 
discharge 
sensitivity 


Latch V= +10 per pin 
susceptability 


G a 
se ITA eee Sea taeett 


SALES OFFICES 


AUSTRALIA 


NSW 2027 EDGECLIFF 

Suite 211, Edgecliff centre 
203-233, New South Head Road 
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